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E A ciiu ITS COMMERCIAL PREPARATION AND DIGESTIVE. > 
PE ‘PROPERTIES l EE EE 
A l By DAVID S. PRATT 54 7 R 
(From the Laboratory of Organic Chemistry, Bureau of Science, v.. 
Manila, P. 1.) = 


TWO PLATES AND 4 TEXT FIGURES ^ -> "Pues 


^. Papain is the name usually given to the proteolytic enzyme: 
elaborated by Carica papaya L. and secreted in the milky latex ^ «; 
*. that forms a prominent characteristic of the plant. The papaya ; ^". 
, tree is normally an erect plant, from about 5 to 10 meters in -° + 
height at maturity, seldom branched, with a soft/trunk and‘ 
å crown.of large palmately lobed leaves. The plentiful fruits .. 
. are melon shaped, up to 40 centimeters in length, with a golden- ` 
: orange pulp and. numerous small black seeds. They are used 
.to^a large extent in many tropical countries as a refreshing. ' 
:.food, although possessing little actual nutritive value. > 
'; The name papaya is said to have been derived from the Cari 
- ababai, and has been further altered to the 7 "erm `pa- 
; paw. The plant is a native of the Caribbe 
Mexico, and South America, and ‘has spre: 
parts of the world. It was introduced into ^n the 
eventeenth century, and has been cultivated ~. since. : 
Suitable conditions for its growth exist in many.oth.  .untries, - 
mong which the Hawaiian Islands, Assam, Ceylon, and the 
‘ Philippine Islands deserve special mention. ' EE Å i 
’ Various medicinal uses of papaya have been-known for many. 


© - 'Prattand del Rosario, This Journal, Sec. A (1918), 863. 7. 
“RE Ag N DT U. Ha : * Mn oc 
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- years. The Caribs have long employed the ripe fruit as a co 2 
metic, and the remarkable’ complexions of these people are at- ^>- < 
tributed to the use of the pulp as a skin soap. It is also said to` ^. | 

_ remove freckles, and is frequently used by the natives of Ceylon dir ES 
as a soap to remove stains and to intensify. colors, especially .' 
black, in washing fabrics. The juice is used in the Antilles 4 
as a poultice in the treatment of ulcers, sores, yaws, and other ` ` 

skin diseases, and I found similar application made of it by Sin-- ; 

«ghalese who reported very beneficial results. Antiaphrodisiac SE 
properties are frequently ascribed to the papaya by the natives . `. 
of Ceylon, and a similar superstition is widespread in the Philip- - -€ 
pines. The well-authenticated action of sliced. green fruit in ^ * 
softening meat is known to native cooks in many countries both 
in Central America and in Asia. Griffith Hughes noted this 
custom in 1750 when he wrote in his History of Barbadoes, "The 
juice is of so penetrating a nature, that if the unripe fruit when ‘ } 
unpeeled is boiled with the toughest old salt meat, it will soon i 
make it soft and tender.” European residents of the tropics are 
familiar with the important beneficial results of eating ripe 
papaya. Obstinate cases of dyspepsia and constipation. yield 
readily to the pleasant and simple expediency of including a 
papaya in the breakfast menu. I have personally known of a 
sufficient number of such instances to leave no doubt in this 
respect. s 

All of these properties are to be attributed to the presence : 
of papain. The latex containing this enzyme is present in all 

. parts of the plant, and exudes from the slightest injury. Itis - 
. found.to the greatest extent in a network of circulatory vessels: 

beneath the surface of unripe fruits, and is collected in com- 

mercial quantities by scarifying such papayas. The fresh latex 
is dried to the consistency of gum and shipped in a crude state, 
principally to London and Hamburg, whence it is largely. re- 

` exported to the United States, - ? -M 


EP 


The b "v of papain at the present time is produced in A 
the Wi lowed by Mexico and Ceylon, although the > 
last pr e the largest amount of gum. I recently had 
the ¢ «witnessing Singhalese gather the papaya . 
latex _-6 for shipment. A casual inspection of the . 


primitive methods. employed in the Kegalle district, whence the `. 
greater part of Ceylon gum is obtained, sufficed to explain why 
so much unjust criticism has been made regarding the use of . 
papain in medicine,and why many physicians have become scep- ; 


tical of its value as a substitute for pepsin. 'A brief descrip: ee 
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E tion of the general procedure from tapping thie fruit to exp 
of the gum should be of interest. : Conus 
Kegalle is situated between Colombo and the Royal Bota 
Gardens at Paradeniya, with an annual rainfall of from 19 
to 250 centimeters and with soil conditions well adapted to the 
growth of papayas. Gathering and drying the latex is entirely” 
in the hands of ignorant natives, who are not capable of appre: 
ciating the care and cleanliness which should always be employed.:’ 
in dealing with a sensitive material, such as an' enzyme. Good.» : 
results cannot be expected, and it is rather surprising that the `. ` 
final product shows any proteolytic activity, especially as gross. 
adulteration is the rule rather than the exception. The papaya’. 
trees are not planted with any degree of ‘regularity, but are ` 
. found scattered through coconut and areca-palm groves. They. 
receive neither cultivation nor care, but in spite of difficulties 
continue to bear fruit and support a rather numerous population. 
. Preparations for gathering latex are very simple, and consist  - 
in cutting and forming the leaf sheath of an areca-palm leaf into -~ ' 
. a shallow basket. A crossbar is tied to the papaya tree at a 
convenient height, and the basket is hung beneath the unripe. ` 
fruit, in which slight cuts are made longitudinally, whereupon 
` the milky juice exudes and drops into the basket. The flow is 
rapid for a few seconds, but becomes slower and slower as the 
latex coagulates, until it ceases entirely. The jellylike frag- " 
ments adhering to the fruit are scraped off with a paddle cut , 
from a leafstalk and added to the contents of the basket which. 
are stirred for å few minutes until coagulation takes place (Plate ~~ * 
I). It is a common practice to add boiled rice starch at this. 
point for the purpose of increasing the weight and lightenin 
the final color of the gum, the amount of adulterant varyin; 
from about 10 to as mych ‘as 80 per cent. Other extraneous. 
material, such as clay, bread crumbs, dried fruit, and India rub- : 
ber latex, are occasiona]ly used. Do. 
The juice is now spread out on papers in "the sun to dry, E : 
three or four days generally being sufficient. for the purpose: `° 
On. several occasiois, il noticed papers of partially dried gum. 
exposed to clouds of d- s and dirt from near-by thoroughfares. L 
The. color gradus`y d: rkens as the drying proceeds, until the, 


nal product is ^ wn to nearly black in the ease of straight - 

m or light ^ large percentages of starch have 
`~ added. ‘own to Colombo brokers as No. 1 
vel" markets demand a light-colored 


1 grade. Pure gum, light in 


E 3 


color and of high activity, could hardly be made by the native `- 
process outlined above., An. attempt is, therefore, made to meet 
the requirements of London and Hamburg dealers by blending ~ 
No. 1 with No. 2. This gives No. 2 mixed (Plate II). The 


“two components may readily be recognized in such a mixture, as 


the individual lumps are large enough to render separation by 
hand picking a. simple matter. The effect of this blending isto 


‘lighten the color considerably, but at the same time very greatly 
^ - to decrease the activity of the gum. It will be shown later that 


the light-brown fragments of highly adulterated gum are prac- 
tically inert, and as this grade frequently comprises from 30 to 
50 per cent of an entire shipment it may be seen how seriously 
the product is injured. - Many dealers in Colombo informed me 
that they were adverse to blending the two grades of papain 
in this manner, but that dark-colored No. 1 was unsalable and 
pure light-brown gum could not be made. The latter statement 
does not correctly represent the situation, as Mexican papain is. 
lighter in color and the West Indian product resembles dried 


j bread crumbs. 


Further difficulties have arisen during the past year. Many 
shipments of Colombo No. 2 mixed have been refused admittance 
by the United States customs, because adulterated with starch 
although invoiced as papain. Thus the sale of Ceylon papaya 
gum has decreased considerably, but various brokers who have `, 
dealt in this product for many years informed me that they 


-could readily sell at least a ton per month of high-grade papain, a 
provided it were free from adulteration and light colored. ` 


Quotations from. various drug houses in the United States. 


. indicate that properly prepared gum would find a ready market 


at prices fanging from 11 to 18 pesos per kilogram (2.50 to. 
3 dollars per pound): "us Ace 


This investigation was undertaken for the purpose of com- 


paring papaya gums made in a variety |ot' ways and, especially, 


to. ascertain whether it was possible toj'conserve the entire effi- 


‘ciency of fresh latex by ‘employing pro; a nethods for drying. J 


Various means for determining the di estire value of papain- 


: have been suggested from time to time, a* id many firms handling 


the gum employ arbitrary standards bas du’ ny what they con- 


. Sider a satisfactory preparation: . Graf ` finely groun’ 
` steak in dilute hydrochloric acid < toe? prefe 


* Journ, Ind. & Eng. 
* Ibid. (1912), 4, 51" 


Š 
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coagulated egg albumen in 0.10 per cent sodium hydroxid 

. Solution, while others advocate fibrin, etc; and 
temperature employed also vary greatly. 7 
tigations have been ‘ma 


lected-as a standard. 
volumes of undigested 


in which it is necessary to determine the increase in soluble 
nitrogen during digestion are not only unsatisfactory, but also 
exceedingly tedious when many analyses have to be made. 

The following scheme for assaying papain has given satis- ` 
factory results in many hundreds of cases, and may be recom- 
mended as simple, rapid, and accurate. It has the advantage 
ratory, and gives all 


the information necessary for determining the quality of the 
sample. | n 


4 METHOD FOR THE ANALYSIS or PAPAIN 


Milk, as nearly as possible free from butter fat, is the most. 
satisfactory material to employ as substrate. The various well- 
known brands of condensed skimmed milk possess reasonably 
constant composition, and are well suited to the purpose, I 
employed a 40 per cent solution of sweetened condensed skimmed 


fresh skimmed milk was not procurable in Manila, but also for. 
the reason that the canned milks keep well ‘and are thus always 
available. - i j De 
. The enzyme solution was Prepared by dissolving 0.75 gr 
“of powdered papain in 150 cubic centimeters of distilled v 
Papain is not completely soluble in water, but by warm! 
mixture for thirty minutes in the thermostat at 40° t' 

. principle is dissolved and upon filtering a clear solut 

tained. Well-prepared gums give a colorless filtrat 

- slightly acid and shows a marked tendency to fro 

. gestions were carried out in 150 cubie centimete: 

.flasks. The volumes of milk, water, and papair 

may be seen from Table I. : 


Å 


milk in the analyses recorded in this paper, not only because.” 
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TABLE L— Typical digestion experiment. "c 
3 jue s Sdn ET: 


er i al 
LN Milk. | Water. Pepsin | panain, 
` cc. co. ee. mg. 
1) es 23 2; 10 
2 25 21 4 20 
3 25 19 6 30 
4 25 n 8 40 
5| 25 15 10 50 
6 25 18 2 60 
Hi 25 n nu 70 
i 8 25 3 1) — 80 
1 9 25 7 18 w 
19 25 5 2] — 30 
m 25 25 o! 0 


'-. - The milk and water were always measured into the m 
and mixed by shaking. The enzyme solution was rapidly added 
from a burette, the contents were well mixed by a few vigorous 
shakes, and the flasks were at once placed in the thermostat.- -Àt 
the expiration of exactly thirty minutes they were removed in 
the same order, 20 cubic centimeters of ice water added io each, , 
and the flasks placed in melting ice to stop digestion. y 

The contents of each flask were then successively washed 
into a 500 cubic centimeter beaker, sufficient water being used 
to give approximately 75 cubic centimeters of final volume. The 

. „undigested protein was then precipitated by slowly adding 0.5 

. | cubic centimeter of copper sulphate solution (60 grams per liter), | 

` followed by 0.5 cubic centimeter of glacial acetic acid, the. f 
solution being vigorously stirred during precipitation. ta 
The contents of the beaker were now washed into 100 cubic 

centimeter measuring cylinders and allowed to stand for a short Í 

time to permit the curd to settle, after which they were filtered >. 

*hrough 11-centimeter ashless papers, which had been previously 

mbered, dried at 100°, and weighed. It frequently happens 
filtration proceeds very slowly, in “which tase it is not. 
ble to wait until all the liquid has passed through, bu 

to proceed with the washing. The curd is washed back: .' 
*ylinders with distilled water warmed to about 60% 1 
roughly disintegrated by means of a rubber-tipped: 

The sediment now settles readily, and the solution: 

. The undigested protein is washed three mo 

manner to remove sugars and. Soluble digestion. 

suction is applied to. remove the surplus water 


E Sand the papers. aré dried to constant esit at 100*. “No 
“rection for the” amount ‘of papain used is necessary, as. wi is no: 
precipitated by copper sulphate and acetic acid... 

The weight of protein digested by the various. anicanis ‘or. 
papain may be calculated from the blank in which no enzyme was’ 
“used. | The entire determination with the exception of dryin 
'.may be made in from three to four hours, and duplicate analyses: 

+ agree within about 2 per cent. The curves.obtained in this 
manner show at a glance the relative proteolytie power possessed : 
' by samples of papain, as well as the rate at which digestion has 
proceeded with increasing amounts of „enzyme. No antiseptic 

~ is necessary with such short periods of incubation, * TT 

i Analyses were carried out in this manner with commercial 

samples of papain from various sources. A great divergence’ 

in activity was encountered, ranging from gum possessing prac-. 

tically no proteolytic power to highly active material. The 

eurves obtained from these data are plotted in fig. 1. Ty 
" x ` e 


ANALYSES OF PAPAIN 


No. 1. Papain from local drug store.—This sample was of un- > 
known origin, and had been obtained from Germany several: years 
previously. It was light colored, and possessed an odor resem-. 
bling pepsin. : A small portion boiled with water gave a positive 
test for starch ane iodine e olution; The analysis is shown in 
Table II. ee 


E 
TABLE IL—Analysie of popit, sample Lee” 


E L y. | y g Si Porte of * 
Å ` Protein protein |: . 
Milk. | Water. | Partin | papain, ES roe dd setels, dieested S 
; ] d d papain. 
Y T 
ee, ce.. |. ec, mg. mg... mg. 
25] e B| 2 10 1, 160 v.g 
25 2t 4|. 20! 1,163 0 
25] | `n). oe soj 119 
of oa] l6 sd 40| 115 saj. 
oo 15 E sO}, LUS 6 
25 i E eol 1,132 2 
as. nu M 7" Lue! 39 
E N 16 -80| LY 48 
` ss 7. -18 90 1,098 87 
IE 5| - 201 - 10| 102 os 


| Protein in blank =1,155 milligrams. >: E 
. Aeidity of papain solution as HCI =0.005 per cent. ss 
The. sample wes practically inert; Abie it retailed st 1 peso (80 cents) per 20 grame: 


‘Nowe. Gayton papain. Grade: 3. — obtained ‘this sample. from : 
e warehouse ofa prominent, broker in. Colombo, who informed. ` 

me: that it represented the usual quality . of the. light- color 
‘highly adulterated grade. >The analysis. is shown in Table MI. 


v TABLE ni. Analysis of second: grade, Ceylon papain, tamale: Ph, vag 


` ies PE tg Parts of t 
A ri å E rotein | + i so | protein |- 
Mau. | Mme. | Water. ehm | papain. |. undi EISE SN 
- » % Dee ERG: z "e a. -| Papain, |. . 
oe ot vag bi rm 
fet. Fco? 4 20| amj.. 
E 25 1 -6b 3X LEO 
4 E 17 8]. 4| 1121 
5 25 15 to] o} 114 
6 25 18 m - 60 1,069 | ^ 
ET or CH 1 w| 108 1 
8 25 9 16 sol 1086; . 34 3.0 0.4 
9 25 1]- 18) = 9] 110 19 L2 «2|, 
1 25 5 20 xo! 1107) ^od 12 eri 


Protein in blank=1,120 milligrams, i 
Starch present in large amounts, - © - IS 
Practically inert. 


„No. 8. Ceylon Md Grade 1 —This ANE ER was from the 
: same source as the preceding. It was chocolate colored and non», 
“friable. The xr e is Shown in DE. : 


n 

måne in | Protein | Protein 
Fanaid; undi. | digested. digeated. 
i m 


1 25 
Æ 5 20 
Å 3 25 .30 
45 025 , 4 
6 25 50 
6) . * op 
1 EUN 70 
8 dd - +80 
E a 


Protein in blank —1,120 milligrams; 
;Stareh present. — c. 
Acidity of papain solution as HCI— 0.008 per cent, * n 

The activity is not high, and the ratio i vers low even with small 


EM V. Analysis of Ceylon mi inp = 


or a Parta of 
Papain | panai Protein `| Protein | prutein 
. | . å roten | digested 

solution. a y, | digested. digested. by part | 


papain. 


BERREREER 


~ 25 


Protein in blank==1,129 milligrams. . 
Starch absent, .” 7 > i 
Acidity of papain solution as HCI=0.004 per cent. 


No. 5. Ceylon papain.—This sample was from the same source” 
as No. 4 and is similar in appearance, but it contains starch i " 
adulterant: The analysis is ‘shown in Tables VI and VIL ` 


TABLE VI Analysis’ of Ceylon p papain, sample 5 5. 


af T 
| Papain ai " Protein | Protein 
solution, | Pspein. digested. | digested. 


„Starch present. uM 
Acidity of papain solution 1 m I 


lor EA SEE A Parts of 
à d Protein | protei in | Protein 
Papain f ein | Protein | Protein | P 

solution, | Papain. | andl digested, digested, digested, 


ges 
papain. 


Per cent. |. + 
5.7 
82 
9.5 
15.7 
18.8 
20.2 
211 
25.4 
27.1 
egija 34.0 


t This is a duplicate analysis of sample 5, and i ig ineluded to show how’ close agreement may 
^; be expected when dealing with low-grade gums. „t t E 


No. 6. Ceylon papain.—This sample was obtained from Mead 
. Johnson and Company, Jersey City, U. S. A. It is considerably 


lighter in color than the preceding, being approximately a mean 
between grades 1 and 2. The analysis is shown i in Table VIII. 


TABLE VIII. — Analysis of Ceylon papain, sample 6. 


M E Parts of 
i 'rotein in | Protein 
Water. | papain | Papain, | undi- |F TDN | digested 
E gested. + Uigested.) by 1 part 

i a papain. 


Per cent. 
19.0 
31.9 
40.0 
47.2 

' ses 
58.5 
61,3 
64.6 
61.1 
63.6 


7 Acidity of papain od as HC1=0.007 per cent. 
Mead Johnson & Co. states that this is an unusually light-colored s; spéeimen of Cerion’ gum. / 


n > | Protein Ad 
Papain n e -Proteia 
"solution. Papsin.| undis digested. digested, 


25 


Protein in blank =1,179 milligrams. , 

Starch present in large amount. 

Acidity of papain solution as HC1=0.001 per cent. à 

^ Regarding this sample Mead Johnson & Co. states that it is a good specimen of f the 
Product usually bandied by drug brokers. The above analysis shows how little value it 
actually possesses. Å 


` No. 8. Mexican papain.—This sample was obtained from Mead 
Johnson and Company. It was approximately the color of sam- 
ple 6, and showed a comparatively uniform composition. ‘The 
” results of the analysis are. shown in Table X. 


TABLE X.—Analysis of Mexican papain, sample 8. 


Papain ii ‘in | Protein | Protein 
solution. , |digested. |digested. 


, Starch’ absent, ge 
=> Aeidity of papain, solution a ag HCI=0. 005 per cent: 
Mead Johnson & Co. states that this is unusually dark colored for Mexican å gum, “which 


friable, a ånd of uniform ‘appearance, 


It d a light "biscuit color; really 
The analysis is given in 


TABLE X1-dnalysis of West Indian papain, sample 9. 


a “t 
. verb. - 
2 Paral 7 Protein i i 
am; Water. LEES | Papin. | undi. digested, digested. 
‘ ] 

"mas | mg. |Poreent, 
E ET 40} 29 
` P1 “697 BIE | 42,7 
Ts 593 622 51.2 
US 4 | 458 TQ. 62.6 
5 i 416 799 | 658 
-6 7 872 7L8 
1| 295 $0, 75.8 
sl 3] ^ 944) 758 
“9 251! . 964] 79.8 

10 243 972 


Protein fn, blank = 1,216 milligrams. 
~ Starch absent. ` 
.. Acidity of papain solution as "Belo. 005 per cent. ` 
Mead Johnson & Co. states that it regards West Indian gum as the best produced, and 
thig view is clearly substantiated by the above. analysis. i ` ‘ 


The results of the above analyses-are plotted in fig. 1, where 
‘the various curves show not only the percentage of total protein 
“, digested by increasing amounts of papain, but also give graphic- 
- “ally a clear idea of the marked differences’ existing in the? pro- 
^ teolytic ‘activity: of the samples, Whose numbers are given. 
‘Thus, the amount of milk protein’ digested in thirty minutes at 
40° by 1 milligram of West Indian papain is seen to exceed t that 
digested under similar conditions by 100 milligrams of £ sample 
4, Fepresenting: ordinary’ Ceylon PAPA, os 


PR EPÅRATION or PAPAIN: 


“Various. methods for converting fresh. latex “into ary’ papain 
were investigated, in order to ascertain the extent of deteriora- 
: tion, during drying - and the possibility, of preparing .papain 
comniercially which would exceed.the West Indian product in 
. its proteolytic, «activity. “The fresh. latex! for. this work as 


$ Pratt: Papain. 

manner, and ‘the juice was collected dn porcelain “vapor: 

dishes. The entire’ collection, amounting to ‘approximately "( 

kilogram,’ was thoroughly mixed to insure "uniform ‘composi, 

tion, using a bone spatula, and was divided into various porti ) 
us i TN vi in x s 


Per cent protein digested. . 


17/4 
GA 


Fig. 1, Curva 1, Papain from local dros store, Curve s. Ceylon papain, sample S. Curve 4. 
Ceylon papain, sample. 4. - Curve 5. Ceylon papain, sample 5. Curve 8.: Ceylon. papainy 
sample 6, Curve 7: Ceylon papain, sample T, Curve 8. Mexican papsin, sample 8. Curve 

. 9. West Indian papain, ‘sample 9., Curve 10. Fresh papaya latex, sample 10. Curve”! 
Papain by alcohol precipitation, sample 12. mE ge TE E tes S 


which were treated in^different ways. The activity of 
original latex ‘designated No. 10 was obtained by analysi 
;the above manner, the Weight of. latex’ used being comr 


to dry ‘papain. The results of the analysis are show 
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TABLE XII.—Ånalysis of fresk papaya latex, sample 10. > 


` : Parts of 
E ^an ,| Protein protein 
Milk. | Water. | Pabsin | Papain. E Aem digested. ad 
` 7 i ] : ` papain. 
ec. ee. de.” mør: I: mg. mg. (Percent|: > 
1) 25 ^28 2 i0|^ “me 468 | 39.6 | - 45.8. 
2 -25 2 4 20 Ed 6877 saal 344 
3 2%} os 6 30 338 es) moj 24 
4 25 17 8 E Du 8 ^ 733) '212 
5 25 15 10 59 2m | 883 76.3| 17.7 
6 25 13 12 60| zst 903 TB V 161, 
7 25 u n 7 244 916: TIER L 
8 25. 9 16 89 230 930 803] ALT 
E 25 7 18| i. 90 212 948 8.7 | ^15 
10 25 5 20 100 212 DIER EO 


Protein in blank=1,160 milligrams. , ! 
Acidity of enzyme solution as HCI=0.006 per cent. 


The relationship between enzyme and percentage of protein 
digested in thirty minutes at 40° is plotted as curve 10 in fig. 1. 
It is evident that the fresh latex is considerably more active than 
dried papain from the Antilles, although both preparations are 
capable of digesting approximately the same amöunt of milk 
protein with relatively large amounts of enzyme present. The 
curve for fresh latex shows a rapid increase in digestion with 
increasing amounts of .papain up to about, 20 milligrams cor- 

: responding to 58 per cent digestion of the total protein content, 

y While the West Indian papain gives only 44 per cent. digestion 
at this. concentration. BEEN 

.' "A portion of the fresh latex was spread out in a porcelain 
: dish to form a thin layer and was sundried. It was frequently t 
stirred, and the gummy lumps were sliced to facilitate the rapid 
evaporation of moisture. The color darkened slightly, and, ap- 
proximated that shown by the West Indian papain. The product 
designated No: 11. was readily friable when: thoroughly :dry, 


and gave the analysis shown in Table XID GN : 
The results of this analysis are not plotted, as the curve 
osely approximates that given by fresh latex." The central 
rtion shows somewhat less digestion, the maximum divergence 

g about 3 per cent with 40 milligrams of papain. ` It thus 

tars that sundried papain is not necessarily less-active'than 
fresh latex, but.in this ‘case it must bà remembered that. 
iderable care was given the sample to insure rapid: drying, 
‘xelusion of dust,-ete. It was ‘also .dried promptly ‘after. 

‘on, ' This is very important, as fermentation takes] lace 


A Parts of par 
Protein | Protein | Protein | 


Milk. : | Water. | Parsi’ | papain. | undi- 


solution. | Papain. | undi. dre digested, DIT part] - 
Sar i papain. 
: Ap Bl 21 2 10 701 454 |* 394] 4A 6p 
j 2 % zaj 4 7) so! *, es 55.8 | 32.3 
HTG 19 el” ao) aa) qs 6.0 | 250 
4 3| 00 8 40 348 | 808! . 70.0] 202 
5 25 15 Ij- 85 308 em! EE 
6 i. 18 2 6. 278 877 76.0| 146 
IERE a Mi Wf. 259 ssf T.T) -128. 
EER: 9 | E 289 gos! ms) mns] 
a9 . 25 M 18 90 235 920 79.6 | -10.2 
10 , 25 5 20 9.5 | 


Protein in blank=1,155 milligrams. 
Acidity of papain solution zs HC1— 0.008 per cent. 


8 
8 
8 
g 
a 


rapidly in papaya latex with the production of nauseating odors. 
‘and destruction of the enzyme. ` 
Small portions of the fresh latex were dried rapidly in vacuo : 
over sulphuric acid. The resulting papain. was a light cream 
. color, was easily friable, and upon analysis showed little if any * 
difference in activity from the original.” The chief advantages 
resulting from drying in this manner are the shortness of the 
"time required, lighter color, and more’ porous nature of. the 
^ resulting papain. Its successful application on a large. scale. 
would necessitate special machinery, whereby the latex might: 
be thoroughly stirred during drying. - Further difficulties would p 
arise from the gummy consistency of the partially dried prod-. ‘ : 
‘uct and the necessity of avoiding contact with metals that cause, up 
: darkening of the color. ` TIAE 
'..Many enzymes may be purified and EN from extra. : 
neous material by precipitation with alcohol This method is 
applicable to:-papaya latex, and gives excellent results. pro 
vided the action of. the alcohol is limited. to. as short a time as. 
* ‘possible. fas 
Twenty grams of the ish latex were well mixed with 100. 
‘cubic centimeters of 95 per cent alcohol ^A gummy white 
coagulum was thrown down that was readily collected in a` 
^ball. The' alcohol was poured off and replaced with 50 cubic: 
: centimeters of the same strength. ^ The papain readily ed EE 
“to a. fine powder during the second treatment with alcohol. , uL 
` Was filtered with suction and washed twice with ether to remo 
”misolid: yellow wax and to facilitate, drying. The was 


“papain was dried in ,yacuo, "giving : a "m white "powder 


“with `a faint characteristic odor; yield, 37 grams. «The time 
«required from latex to dry papain was. about twenty "minutes. 
“An analysis of this Product designated No. 12 is shown į in Table 


sriod of- thirty. minutes, 


JG. Lá ' : Parts of | 
; RT i 77. -F Protein y tain | Protein 
AE EIE EE AE ES IE od 
] a 7 Mg papain. ; 
sock | cm eR |: mg. |- mg |: mø. | Percent.) `> 
1555785 IN 2): el as) me] ELS] 722 
al. 25 n 4 20 830 . 85 L3) &1 
3 25 19 $ 30 266 |". 907 T7131: 30.2 
ij- % x AA 40 234 959| -8.0| 23.5 
a | ’s 10 wj an se] ^ sto] 19.0 
e 26 Bjo aa 60 196 ot 83.2 16.8 
1] * es} 1 'M 70 183; 990 845| (141 
8 25 2 16 zo! 185 988 soj 12.3 
9 25 1 18 90; — 18 991 8.5; 110 | 
25 5 20 100! ; 175 998 85.3! 10.0 


Protein in blank —1,173 milligrams. 
, Acidity of papain solution as HC1— 0.004 per cent. 


‘covering the waste alcohol. 


` RÅTE OF, DIGESTION 


, 


".The results of this analysis are plotted in fig. 1 as curve 12. 
It. may be seen that this sample of papain is very active,’ 10 
- milligrams being capable of digesting as much milk protein as 
-r 22. milligrams of the Philippine sundried papain” or 40 mil- 
* ligrams of the West Indian product. 
the most active papain that could be prepared commercially. 
Its manufacture by this method would necessitate a still for re- 
The use of "ether would hardly be 
' practical in tropical countriés, but could be employed by drug 
firms using. papain, if desirable. . ` 

"Papain prepared in this manner is nearly: soluble in water, 
‘giving an opalescent solution. with small flocks.of-white insoluble 
material. ‘The solution rapidly curdles milk; with the "forma- 
tion of a fine curd that quickly redissolves.".: 
:papain: Should make it of great value in preparing milk for 
- infant feeding, as the formation of heavy indigestible curds i in n the 
` stomach may, thus be” avoided. ‘ 


"This probably represents 


This property of. 


AN of. the preseding digestions were "carried ‘out at “40°. for a 
The following experiment was mads. 


'etermine the rate. at which milk protein is “digested br 


TABLE XV.—Rate of digestion S aueh 


E | Parts of 
Time of 2. | Protein | Protein | Protein 


me, E 3 digested 
. digestion. ., | digested. digested. EPIS. 


papain. 


B These relis are ad in A a An inspection ‘of this curve 
shows that digestion proceeded rapidly during the" first ten, min- 
T “The 

ature of” the protein and; conditions of solution, concentration, 
ete, would affect the. “equilibrium to a greater. or, less extent, s0 


The literature of papain’ 'contains many y cónflictin statements : 
regarding the conditions’ suitable fo igestion." “Some authors 
Claim ‘that he: enzyme "acti" in: ieufral, alkaline, or. acid solu 


TY NT 
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] Per cent protein digested, : . 

O ' 30 74077 


of milk protein by papain: 


A The following | experiments. were ads fa determine the effect 
of hydrochloric acid: on the digestion of milk. protein. - The 
digestions were carried out i in the usual manner for thirty mín- 
- utes at 40°. The results are shown in Table XVI. : 


: TABLE XVI —Papain digestion of milk protein in acid solution.” n 


" : _—— - 
ie Be Ne, d - | Hydro- RE sl 
E Novae Milk; | Water. | Papain: Papain. pu Hyde Fe pain Keen Es 
Ad , solution. acid. | gested, | geated. | gested. by I part] . 
4 t $ z z AE papain. D 
S ec. i ee. ee. | mg. ce. |Percent| mg. mg. Percent.) * 
à 1 25 E | ° sl oj 00 .. 651 Bos | 43.7 | ^ 30.1 
2 2): HM 10 50 1] ee) en] iss) eoj 97 
3 25 ws}, 10 60 z| oos] er) a6] 420| 91 
4 25 mj ,2|.- 8 3| 00 .my! - 47! . 378] . 82 
8 25 n 10 50 4| oo| mol 46| 25.1] 81: 
6 25 10 10 60 | 010] ess] møt 276] 64, 
1 25 9 10 50 e| om) sel. al 1821 42 | 
8 | . 8 12 50 1| ouj sel, 14] 1&1] $5, 
. 9 25 1| o 10 & a} 016 998} iss) 171 32 
E 10 25 6 10 60 9| ogi noop mef 75] sij 
| u 25 6 10 60 10] 020| noj 3s| el ari 
E 
Protein in blank — 1,158 milligrams, 


TABLE XVII — Papain digestion of milk protein in acid solution. |" 


D^ å = ` 5. | Hydro- ^ n . Parts ofl 
Ke pe. Water Bar GE | onde | ake | ete digested) E 
: S Milk. | Water. solution. PAPA | acid | “acid. | gested. | gested. | gested. by lparti ^.^ 
Ky i olution, . ted. sted. by L part 
i |I--—|— Ter : 
eo. ee. cc. hi | ees jPeneenta mg. 
i SE a | 2 853] 0}. oo] ss 
2 25 B 5 1-25 i| 0.02) '.950 
[slo as! aal 125] 025 ARIE IE 
al. cum] iar sk SE as) 73) 006] 9 
(5 25 :16 Bi 25 [| 4|. 0.08) 104 
6 25 15 si. 25 s| 010] 100 
MIER | 7 EIE ef IN nao 
-gjo es] 01 5|.. .;5 Ti og] 105 
so] [5 pl -s| 21-08) 0661 118 
E ss): Mi i.s] 0m gi. ai 1136 
MEE EE: s| 0:5]. 140] 0.20) 118 


The a of this ries ik “plotted as 'eurve 1; in i: 
x fig. 3.. This curve shows that amounts of hydrochloric acid. up = 
å 0.06 per cent have ‘only a slight retarding action on the diges- 
“Hon of milk. protein,” ‘Increasing amounts from 0.06 to y: 13 


. per cent acid very greatly” reduce the activity or the enz me, - 


pr 
‘cally. no change. 4 SA sharply defined range of acidity thus ‘reduces " 
to one-half its former. value One m more Example 
: Per sant protein digested, ; e 


20°! 30 


Qn 


- " 
{Digestion 1 in hydrochloric acid solution.” Curve 1; With 


“0: digéstions under similar conditions, but with: å less amount of: na. 
‘papain, will serve to show the samé ‘peculiar fect.. ) 
Tye results are plotted as ‘curve 2 in fig. 8 i í d 


„that thè two curves are entirely’ anale~ous and that the percent- ` 
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. age of protein digested by:25 milligrams of papain is almost * Y? 
“exactly half that found with 50 milligrams at corresponding 
: points on the curves. In all cases; the mineral acid was neu 
ized by an equivalent amount of Sodium hydroxide solution: 
. mediately before precipitating with copper sulphate and' acetic’ 
`. acid. Otherwise, milky solutions are encountered that will: 
v permit filtration. | so EE 
-The peculiar transition point in these curves was thought to: 
"indicate the appearance of uncombined hydrochloric. acid, :bu 
, Such is not the case. A similar series was prepared for th 
‘purpose of determining free’ acid by titration, using Topfer's: 
` reagent- (dimethylamidoazobenzol) as indicator. None of th 
flasks showed the’ presence of free acid. The milk in the flasks 
containing -0.02 per cent acid was not coagulated, that with ee 
0.04 and 0.06 per- cent showed slight coagulation, while the re- 
i mainder was coagulated. | AE -" 
= ` - Inasmuch as the enzyme solution had been added after acidifi 
cation, there was a possibility that the papain acted.only as the 
surface of curds thus formed and that the results, therefore, did : 
. not represent the true rate of digestion. This possibility was 
^ ` avoided by adding the enzyme solution to the milk and water ' i 
before acidifying. All the solutions were maintained at 0° ‘to 
. >" prevent digestion before the addition of acid. It was impossible. . 
to start the digestions as promptly in this manner as in previous - 
- cases... The. time, therefore, was extended to ninety minutes to: 
‘compensate for irregularity at the beginning and to insure equi- D 
-> librium. - Papain 6 was, used. The results are found in Table: * 
Mic M LEE ON i Hia 


TABLE XVIIL—Papain digestion of mille protein in acid solution: 


DN E 


3 i Hydro: | Hydro- | Protein | Protein! Protein 
EE ESE | chloe | madri d KEN 
: co. ce. | en | ing | ee Percent] mg. (mig. [Percent 

E! 25 15 10 SO} 0j oel- sol saf 457 
2 25 M 10 so]... 1] .emi sem] | m5 ~-46.0 
3 25 13 “0 50 2] 00| - 640} sel sol 
ar 25 2 10 so] + af 006): 687) 455) 39.8 
3 5 25 n 10 50 aj oos) 77]: 3051-346 
"e| om 10 10 505 sl, oof sol “aal 2j. 
ot 25 n 10 50 ej -o12| ` 7} 205 | - 18.0 
a}. 2 8 10 50 7] oak sr) 155) ise 
vel 25 t 10 E: 8) -016] ^98| ' 160 140 
^ yo ml. 6 a0 50 aj oa! 101) © 14) 124 
` Å sl... sol” 107 of no! 187) 120 


` Protein in blank=1,142 miligrama, 
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3 The results are “practically identical with those given in Table 
XVI, and show that no different effect is obtained by adding the 
enzyme solution before coagulation. 

Digestion experiments were carried oùt in solutions "ontáine 
E ing sodium bicarbonate in amounts ranging from 0. 0 to 0.2 per 
cent. The presence of this alkali had no effect on the digestion 
of milk protein. Similar negative results were obtained with. 
'' éoncentrations of sodium chloride varying from 0.10 to 1.0 per 

cent, although both of these a are said to accelerate the digestion 
of beef by papain.* h 
HYDROCYANIC ACD 


. ` Much of the early work that is recorded in the literature of 
papain must be questioned, because hydrocyanie acid was em- 
ployed as the antiseptic. ` It is now known that papain digestion | 
of protein proceeds more rapidly and more completely in the 
- presence of this acid than when toluol or other antiseptic is used. 
: Vines? stated that his experiments “strikingly demonstrate the 
` remarkably favourable effect of the presence of HCN upon the 
proteolytic activity of papain.” Mendel and Blood * have con- 
firmed this statement in an extended series of experiments with 
commercial samples of papain, and state that the  . 
accelerating effect [of HCN] is not limited to the hydrolysis of peptone 
but is'also shown in the digestion of raw and coagulated egg-white, 
fibrin, edestin, and excelsin whether one take as the gauge of digestion 
the appearance of tryptophane, leucine and tyrosin, tne' conversión ‘rto 


products not precipitated by hot trichloracetic acid or the rate of solution 
of insoluble protein. 


No satisfactory ‘explanation of the action of diydróspénis acid 
- has been advanced. * The following series was run with increas- 
ing amounts of acid to determine its effect on the digestion of 
milk protein by pure papain. The enzyme was prepared by the 
alcohol-precipitation method, and was very active. The data and ` 
results are shown in Table XIX. ` . 
`. It may be seen from this table that hydrotyanie acid also d in- ` 
‘creased the percentage of milk protein digested by papain. :. The 
ratio increased by about 2 units, although no positive color test 
with bromine water for tryptophane could be: obtained. : The 
presence of 0.02 per cent acid was sufficient to give the maximum 
. effect under these conditions, higher concentrations causing no 
j further i increase. > . i «uet M. i 


E Private communication from L. D. Johnson, di 
^ Ann. Bot. (1903), 17, 606. ' 
: "Journ. Biol, Chem. (1910), 8, 182. 


TABLE xix. Effect of hydroeyanie acid. on papain » dijeslion of mille 


kn sv, . ud Protein: 
p B S Hydro- 
No.of] ink. | Water, | Fapain | papain, | czanic ude Peg 
' ] - solutio, acid. | gested, 
ee. eo. doce Å mø | ce, 
; alas 15 1 50 o 
2 25 u 10 50 H 
E 25 1855.10 5 2 
4 25 12 mi sl. al 
5 s| n DP & 4 
5 sl wi oe 50 8 
7 215.9 10 50 6 
8 wl 8 10 E 
va a} Å 7 1w 60 a 
10 25 6j æj; 80 9 
ni caf .5 E 50 10 
" Protein in blank —1,151 milligrams. ` ER a Hd 
n Time of digestion, thirty minutes. - . ` ] Vot 


; l Temperature, 40°, . 
The remarkable effect of hydrocyanic acid was not studied in va 
. detail, as it has no bearing on the actual use or preparation of . ^ <5 , > 
papain. However, the difficulty of obtaining samples of pure 
: papain of known history made it.worth while to examine the 
digestion of peptone under these conditions. i 


THE FORMATION OF TRYPTOPHANE FROM WITTE'S PEPTONE 


The following mixtures were prepared and incubated at 40°. 


må 


“Mixture 1. ` ` EE i . "au. 


E 


, Peptone, 5 per cent 

. Papain, i per cent . .', * Lars 

Water, distilled 27 lo . E 
Toluol .' UIT 1o ZEE . Doc 


M B Misture 2. 

2 Peptone, 5 percent: . " 
+ Papain, 1 per cent - 

Å Hydroeyanie' ‘acid solution, 0.1 per cent - MEME 
Toluol A 24 & DERE 


EE D Mizture 8, control. 


r 


“peptone, 5 per cent ^ 
Hydrocyanic acid solution, p 1 per cent 
Water, distilled 23 


p ronouneed purple a after twenty-four hourg incubation.. These ` 
results are in accord with the data given by Mendel and Blood, n 
'orking: um commercial Materials 


"Digestions of milk were carried out i in the TT manner z 
at. temperatures ranging from 0° to 70°, to determine the activity’ 
of papain under these conditions. "The pàpain used in these de- . 
„terminations was prepared by” the alcohol precipitation method, 
and Was , very active. Al digestions were for thirty-minute 
periods. That at 0° was carried out with all flasks surrounded 
by finely eracked ice, contained in a well-insulated. thermostat. 
The temperature was not allowed to rise until after the final 
; precipitation with copper sulphate and acetic acid. The analysis 
_ is shown in Table XX. f 


TABLE XX.—Papain digestion of milk protein at 0°. 


t Protein 3 
Papain | papain, | rota? | Protein, | Protein 


solution. gested. digested. | digested. 


:at low temperatures ‘as | 
lots from, the above ' 


“The results of- a series of digestions I run at 10° re sh 
able XXL; | : Sam 


“Pratt ‘Papain’ 


Per cent protein digested. -: 


e 


& 
S 


å 
E 
a 
Li 
3 
on 
e 
2 
Å 
å 
Å 
E] 
"B 
Å 
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å ¢ 
"Tanz XXL —Pepain digestion of ‘milk protein at 10°. E 


1 Papain | pan Protein 
solution. | Fapain. | | digested. 


+ t -papsin. 


Per cent. 

. 13.6 n "15.5, 
20.8] 159 
27.4 "10,4 
BA]. OES 
36.6 | - 8.3 

39.91 ^6 
428]. 170 
46| 64 
47.0 5.9 
48.0) * 55 


ub. 


Sesageseus’ 


m 


, Protein in blank=1,140 milligrams. , r Ku wait 


. The results of a series of digestions run at 20° are ‘how in 
Table XXI. 


TABLE XXIL—Papain digestion ‘of milk protein at 20°. 


1 Pod Parte of 
n rotein i in | protein 
soliton in. | undi [a i digested 
- ae gested, ^ "|by I part 
K papain, 


9| is 
7|. m 
5 a) 


Sessss&sss. 


;Proteln in blank= 1228 milligrams, ^ 250 


: The results ofa series of digestions 
‘Table’ XXIII. . 


"The results ofa Series of digestions 1 


- Table XXIV. : 


* The results of a Series of digestions run at 50° are | FE 


“Table XXV. . 


us values obtaindd closely SEE those given: n Table i 
XIV. . There appears to be very little difference in she. ‘rate OF : 


“digestion i in de MON of 40°, to 50° 


H 


‘Pratt: Payain euet 


“TABLE XXILL—Papain digestion of milk prò 


tein at 30°. 


Protein 


, No.of | mik. ;| Water. | Ppain.| papain | "andi. ducem | Protein 
. ; H on gested, . 

ec. ee. ec. - mg. mg. mg: | Per cent] ` 

25 23 -2 10 740 423 | 364 

so 287 at) 1 Å 20] .. 583 580 49.8. 

vas. 19]. el, so]. o sot 862 56.9 

* 25 p CA 8 40] 483 Tj. 68 

125] as] 5.10 50 49|. 74 64.8 
25 3| pg 60 ses 778 65.8 [ 

+ 95 aps aM T0 365 798 68.7 

25 9 16) > 80 340 823 70.6 

25 > 1|. aa] ^ 99 202 sa| 740 

25 5 20 100 294 869| 7.8 


blank =1,163 milligrams. 


XIV.—Papain digestion of milk protein at 40 


: : TABLE X. °, 

n | - . pus Parts of 
~ r " 4 rotein ii " protein 
[Rasen | Mille | Waters Digg. Papaim. | mndi digeseed. dipcetod, digested | 

" 3 p , , papain. 
Lo mg. mg. | mg. Per cent. i 
10 483 n5 89.6] 7L5 
20 358 | . 840 70.0} 42.0. 
` 30 298 ,800| zo] 390 
; 40| 5 Bes TLO| ^ 28.1 
. 8 -254 944 781| 18.9 
‘ . € 230 908 80.7| ^ 16.1 
70 228 915 sLå| 13.9 
80 209 | - 989 82.6 | 24 
AE) 208 950 86) : 110 
. 100 202 996 88.01 10.0 


^| Protein in blank=1,126 milligrams. 


TABLE XXV.—Papain "digestion 


of milk protein at 50 


o 


Papain 
solution. 


Protein 
undi- 
gested. 


Protein | Protein 
digeated. | digested. 


Parts of | ^ 
protein 
digested 
by 1 part 
papain, 


ee Cd 


Protein in blank 


* | Protein i z 
|^. Papain 3. Protein | Protein 
Water: | solution. | Fapsin. | undi digested. digested. 


Per cent.| . 
25 "45.5 
28 N 62.8 
“26 | E , 3 E 
25 ' - 75.5 
2b oc ? 1782 
w5| - 79.3 
25 80.3 
ras] 80.7 | 
-25 g 81.6 
25 Ped 817 


(0 0-309 VETTE 


5 


Protein in blånk=1,164 milligrams. - 


These results show that the. optim temperature has-been 


exceeded, as corresponding values are les: an hose of Tables 
‘. XXIV and XXV. 
- The results of å series of digestions x run at 70° are shown in 

: PAD XXVH. 


Yol. . D , 


` 


E xxm = Papai digestion of milk protein at n. 


T Erge Å une 
Papain | papai n Protein | Protein 
: pain. | undi- d digested 
olution. į 777^ | gested. |digested. digested. py 1 part 
tan papain, 
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The: digestions: ‘at 70° Ee that the activity i in 1 the presence of : 
large amounts of enzyme. ls not greatly weakened, but with: dez 
. creasing percentages of gum the loss becomes more marked. The” 
data covering the digestions at various temperatures are plottet 
in fig. 4. This resistance to heat is rather unusual for an enzyme; 
` but has been commented upon by various investigators of papain, | 
>: Delezenne, outon, and Pozerski * note the rapid action upon eg 

"white and serum at temperatures of 80° and 90°. Chittenden‘ 
found that papain in acid solution digests more meat protein a 
. 10? than at lower temperatures. * However, I have found that a 
^papain solution rapidly heated to 100°, allowed to boil five” 
`- seconds, and: immediately cooled with ice no longer shows ` any. 

proteolytic activity, : 


“STANDARD EVALUATION OF PAPAIN 


An examingtion of the curves in fig. 1 see that the 1 per- | 

centage of protein digested in thirty minutes increases rapidly 

with small increments of enzyme in the first portion. of the 

curve. The range between 0.0 and 10 milligrams of papain 

*- elosely approximates a straight line, especially with ordinary- 

samples of gum, while the ratio of papain to protein digested 

falls off more ‘or less. rapidly beyond this point, depending. |. 
upon the activity of the enzyme. The percentage of protein. - 

. "gested by amounts smaller than 10 milligrams of low-grade.” 

en main is so slight that this weight of gum has been decided 

UR 88 the best for routine analyses. It is suggested that the: 

veraga, of; 6 determinations carried out in the manner pre- ^ 

viously wescribed under “methods of analysis,” using 25 cubic - ; 

centimeters. of. milk, 23 eubie centimeters of distilled water, ~ 

aand 2 cubic centimeters ` of a filtered solution representing 10 

milligrams. of, papain digested for thirty minutes at 409%,.be; 

accepted as the standard and that the proteolytie activity of. 

the gum'be designated by the ratio.so obtained of 1 part of: 

.papain to the digested protein. - ~This may be called the activity 7 : 

., number of the sample g 

` Table XXVIII shows 

Sy different samples, of papain- mentione 

: 68 and 309; Porors Ann. Inst. 


"de aetivity upon “this ‘basis of the 
din this paper. ; 


* F Compt. rud. Soc. biol. (1906), 60,. 


Pasteur’ (1909), 23, 205 and 321. - 
Fran Conn. “Ae. Asta & Sei (1862), 9 9 Sii. 
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^ TABLE XXVIIL—Activity of various samples of papat 


Activity 


Fresh latex... 

Philippine, sundried I 

Philippine, alcohol precip- 
itation. 


: OTHER ENZYMES IN PAPAYA LATEX 
Fresh papaya latex was investigated to determine whether. 
enzymes other than papain were present. Flacks containing - 
the following mixtures were incubated for twenty-four :hours 
at 40%. The solutions were made neutral to phenolphthalein 
before ineubation. i : : } 
b eus 1. Active control. 
Latex j 
Water, distilled. - EN 
Toluol ^" i 


7 9. 7 2 Boiled control, 
Latex, boiled 1 minut: TY 
. - Water, distilled. ar å 

Toluol, 55525 77 n 54 du e 
"El Active extract (made in triplicate). 


.. Latex’ ; 
" Suerose «i |» 
Water, distilled . 

"ii, Toluol. > 


~ «Latex 
^V. Water, dis 
"7 ..Toluol ' 


A" nh Ys Boiled control ^ 
"Latex, boiled 1 minute © 74 - ; E 
Water, distilled Mo Il 


H MN dk H te 
Starch solution, 1 per cent. Ru 
Toluol -< us P 
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^; No reducing sugars weré.found in any of these experiments, 
thus showing the absence of diastase in the latex.’ It is probable 
“that the reported presence of this enzyme in commercial papa 
is to be attributed to the adulterants used in its preparation: 
f. The fresh latex gave a faint blue with tincture of guaiacum; 
indicating the presence of traces of oxidase. The color darkens’ * 
to a very pronounced blue upon the addition of hydrogen 
. peroxide, while a control sample boiled for one minute gave no 
: color. The fresh latex gave no color with p-phenylene diamine, .. 
. but turned: deep red at once upon the addition of hydrogen ^ 
"peroxide. . Similar results were obtained with Róhmann's re-:. 
agent (p-phenylene diamine and alpha naphthol in sodium: 
carbonate solution). : : d m 
The fresh latex, therefore, contains considerable amounts of i 
a peroxidase, the presence of which is doubtless responsible ~.. 
for the darkening of color that takes place so readily during. e : 
drying. .° : ENS 2 ar 
Digestion mixtures, using olive oil or ethyl acetate as the ' 
substrate, were incubated for forty-eight hours in the usual 
manner employed in testing for fat-splitting enzymes. The "UT. 
' ", ` presence of lipase could not be definitely established, although ^ M 
in some cases a slight increase of acidity indicated the pos-: 
. sibility of traces being present. à : A8, d 


`. YIELD OF PAPAIN 


It is difficult to estimate the amount of papain that may | i 
. be obtained from papaya trees grown especially for this purpose.” 5 
There is no doubt but that proper cultivation greatly increases .- 
'the available supply of latex and that rich free soil produces s 
plants more capable of recuperating from the effects of tapping. ^ 
. .Under ordinary conditions such as prevail in Ceylon, a yield: 
of 1 kilogram of fresh latex may be obtained from about 5 trees. 
Much depends upon the age of the plant and the maturity of the 
, fruit at the time of tapping. . Small immature fruits give.a : 
: meager flow of latex that. coagulates immediately, while larger 
‘papayas, about two-thirds mature, give <a much larger. 
yield and are, to be chosen for tapping. ; The latex from such: 
fruits does not coagulate rapidly, but freely drips into the col- ~ 
* lecting dish for several minutes, following scarification. Two 
"hundred fifty such fruits gave 1 kilogram of fresh latex, 
"Fepresenting about 200 grams of well-dried papain.’ This is à 
much lower yield than may be obtained under favorable condi- 
tions. * Forty fruits of medium size averaging about 800 grams" | 
in weight yielded 1 kilogram of latex, or 8 per cent. An average, 
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tree in full bearing produces from 40 to 50 fruits during a 
season. . MESA 
- Subsequent tappings of the same fruits give a further 23 
amount of latex, but the yield in this case is considerably less. 
^, - The fruits ripen more rapidly after scarification and are injured 
jn appearance, but suffer little if any in flavor. They are not 
acceptable in the market, but could be utilized in various ways 
as a by- product where trees are primarily grown for the 
manufacture of papain. | 


; PREPARATION OF. PAPAYA 


Papaya trees mature rapidly, and suffer little from the 
attacks of insects or plant diseases. They are generally prop- 
agated from the seed, which should be planted in boxes filled 
with rich earth, the seeds being about 2 centimeters . apart 
each way and at a like depth.. The plants grow freely, and 
may be transplanted at the end of three weeks. They should 
bé placed about 8 to 4 meters apart, well watered, and shaded 
for a time. If a nursery is used, the plants may be set out. 
from 20 to 30 centimeters apart in rows at intervals of 1 meter. 
The young plants should preferably be transplanted before reach- | 
ing a height of over 30 centimeters. Some of the seedlings 
- will be males, and the majority of these should be replaced by 
either females or bisexual plants.. The trees may be. depended 
, upon to blossom. and, produce fruit within a year, but the 
` number ànd'size of the fruits will not reach.a maximum until 
the following season. Tapping may be carried out during the 
: Second year.and thereafter, until the trees become unprofitable due 
* to age and the decréasing size of the papayas. «When the trees 
become so tall that the latex is: difficult to gather, the trunk: may 
:be cut off at a height of about 1 meter from the ground. - Buds 
"will form from the stump ‘and produce new: branches, “all of 
which except 2 or 8 should be removed; otlierwise, the fruits V 
-will be small "It-has'been reported that these shoots grow 
“readily when planted, and if this is found to be the case it- 
7I would probably be the best” method for propagation. ` Seeds | 
i for planting should be saved only from the best oblong fruits : 
that have never been ` tapped and have ripened on the trée. 
Papaya trees are injured by water standing around the Toots, 
"and flourish’ best in. well-drained localities. - ` Excess- water’ ‘and . 
strong winds: are. the -principal factors . causing failure, and: 
situations: ‘should be chosen where these conditions will not ‘be ^ 
encountered. - If care ig: taken’ in collecting the latex’ to insure . 
freedom ‘from foreign material and the fresh Juice is år ied 


er 
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promptly before decomposition sets in, there should be no dif- 
ficulty in preparing å white papain that would find a ready 
sale. Drug firms at present are at the mercy of the market, 
and frequently cannot obtain satisfactory papain. The enzyme 
should be sold under a guarantee covering its activity, thus 
establishing a standard which would command better prices than 
at present offered and avoid competition with adulterated 
products. 

Letters from various large firms clearly show a willingness 
to purchase high-quality papain in relatively large quantities, 
single shipments ranging from 100 to 300 kilograms represent- 
ing ordinary requests. It must be remembered, however, that 
the market is limited and, although gradually increasing, that 
overproduction is always a possibility. The material must be 
free from impurities, as nearly white as possible, thoroughly 
dry, and shipped in sealed containers, and must possess the 
requisite proteolytic activity. j 

The possibility of establishing a papain industry in the 
Philippine Islands should receive attention, as it does not 
necessitate a large investment of capital, and the time required 
is short before returns may be expected. 

131717-—3 
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FiG. 1. Native of Ceylon with basket made from a leaf sheath of the areca 
palm for collecting papaya latex. 
2. Showing method of placing support a 
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PLATE I 


(Photograph by D. S. Pratt.) 


Papain samples, illustrating various grades. 


PLATE H 


text.) (Photograph by Martin.) 


Fic. 1. From local drug store. 
2. Ceylon, grade 2. 
3. Ceylon, grade 1. 
6. Ceylon, from Mead Johnson & Co. 
7. Ceylon, from Mead Johnson & Co. 


. Mexican, from Mead Johnson & Co. 
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Curve 
Curve 
Curve 
Curve 
Curve 
Curve 
Curve 
Curve 10. 
Curve 12, 
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9, West Indian, from Mead Johnson & Co. 
9. Philippine, prepared by the author. 
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. Papain from local drug store. 
. Ceylon papain, sample 3. 

. Ceylon papain, sample 4. 

. Ceylon papain, sample 5. 

. Ceylon papain, sample 6. 

. Ceylon papain, sample 7. 

. Mexican papain, sample 8. . 

. West Indian papain, sample 9. 


Fresh papaya latex, sample 10. 
Papain by alcohol precipitation, sample 12. 


2. Rate of digestion of milk protein by papain. 

3. Digestion in hydrochloric acid solution. 
Curve 1. With 50 milligrams of papain. 
Curve 2. With 25 milligrams of papain. 

4. Digestions at temperatures from 0° to 70°, 


(Photograph by D. 8. Pratt.) 
nd hanging basket on the tree. 
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Fig. 1. Native of Ceylon with basket made from a leaf sheath of the Fig.2. Showing method of placing support and hanging basket on 
areca palm. the tree. 


PLATE |. COLLECTING PAPAYA LATEX. 


(PHIL. Journ. Scr, X, A, No. 1. 


PRATT: PAPAIN: ITS COMMERCIAL PREPARATION.] 


PAPAIN SAMPLES, ILLUSTRATING VARIOUS GRADES. 


PLATE Il. 
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Zi ‘DETERMINATION OF THE DIURNAL VARIATION OF THE 
RADIOACTIVITY OF THE ATMOSPHERE AT MANILA 
BY THE ACTIVE DEPOSIT METHOD! 


By 0. H. BLackwoob 
(From the Department of Physics, University of the Philippines) 


FIVE TEXT FIGURES 


Elster and Geitel? first discovered that when a negatively 
charged wire is exposed in the open air it becomes coated with 
an active deposit which may be detected by the ionization 
produced when the wire is placed in the ionization chamber of 
an electroscope. Bumstead? showed that the collected mass is 
a mixture of the active deposits of radium and thorium, and 
it is generally agreed that its sources are the radioactive 
substances in the earth. Many observers have attempted to de- 
termine the amount of emanation per cubic meter of the atmos- 
phere by measuring the ionization produced by the active 
deposit collected on a given length of wire at a certain voltage 
and exposed for a definite period of time. Eve‘ compared the 
amount of active deposit collected by a wire exposed in the 
open air with the amount collected by a wire in a closed tank 
containing the decay products from a known quantity of radium 
bromide; and, assuming, on experimental evidence, that the wire 
charged to 10,000 volts collected all the active deposit from a 
cylindrical space 40 .centimeters in radius concentric with the 
wire, calculated that the deposit per cubic kilometer at Montreal 
was in equilibrium with 0.14 to 0.49 gram of radium bromide. 
This is of the same order of magnitude as the amount after- 

‘wards found by Eve* and others by the charcoal a 
method. 

The active deposit method, owing to its simplicity gud to the 
faet that it is the only one yet devised for the detection of 


"This work has been carried on with the encouragement of Dr. J. R. 
Wright, wha has assisted with many valuable suggestions. 
* Phys. Zeitschr. (1901), 2, 590. 
"Am. Journ. Sci. (1904), IV, 18, 1-11. 
‘Phil. Mag. (1905), 10, 98-112. 
* Ibid. (1907), 14, 724. 
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thorium-decay products in the open air, has been of great utility 
in the examination of the radioactivity of the atmosphere. 
Nevertheless, its adequacy for the absolute determination of 
the amount of emanation present is questionable, for the amount 
of active deposit collected by a charged wire undoubtedly de- 
pends upon other factors in addition to the amount of emanation 
present. Rutherford? states: 

It has generally been supposed that only the positively charged atoms 
of radium A are collected on the wire, and that they travel in an electric 
field at the same rate as the positive ions. Account has to be taken 
of the rate of re-combination of the charged atoms of radium A with 
the negative ions of the air, for only those atoms reach the wire which 
retain their charge. The constant of re-combination is no doubt affected 
by atmospheric conditions, and the number of nuclei present. 

At high elevations the air, owing to its reduced density, should 
cause a smaller resistance to the motion of the charged particles, 
so they should be swept in more rapidly and from a greater 
distance than at a lower level. "Therefore, the amount of active 
deposit collected should increase with altitude even if the ema- 
nation remained constant. Saake” found that the active deposit 
.at Arosa, elevation 1,800 meters, was three times as great as 
that of Wolfenbüttel Other observers have obtained similar 
results. That this is not due to an increase in the emanation 
content is indicated by the determinations of Wright and Smith," 
who made an investigation of the variation of the radium emana- 
tion with altitude by the charcoal absorption method and found 
that the emanation content at Manila, sea level, was approx- 
imately four times that obtained on Mount Pauai, elevation 2,460 
meters. , 

Many observers have found that, for a given locality, the 
amount of deposit collected depends upon' the direction of the 
. wind, but there has been considerable disagreement as to the 

effect of the variation of the' wind velocity. Kinoshita, S. 

Nishikawa, and S. Ono ? deduced the lines of flow of the charged 

particles for different wind velocities from theoretical considera- 

tions, and found that, above a critical velocity, the variation 
_ Should not affect the amount collected. 


The diurnal variation of the active deposit has been the Subject 


“Radioactive substances and their radiations, Cambridge University 
Press (1918). 

"Phys. Zeitschr. (1903), 4, 426. 

* This Journal, Sec. A (1914), 9, 51. 

* Phil. Mag. (1911), 22, 821. 
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of å very limited amount of investigation. It was first detected 
by Simpson,'* who made three determinations per day in Lapland 


for several months and found that there was a maximum in . 


the morning and a minimum in the afternoon. Hess» also 
found a small variation with' a minimum in the evening.” 
Neither of these observers made observations covering the 
entire twenty-four hours. Dike * secured the active deposit by 
forcing a measured stream of air past charged sereens. His 
mean curve for six series of observations, each set of observation 
extending over a period of about twenty hours, shows a striking 
variation. The maximum comes soon after midnight, and is 
more than twenty times the minimum. 

In the present investigation the meteorological data were 
secured from the Manila Observatory, which is about 0.1 kilo- 
meter from the point where the measurements were made. The 
method was similar to that commonly used in active deposit 
observations. The testing apparatus was a standard Exner 
electroscope. The hollow, brass supporting neck was filled with 
sulphur which supported a central rod and a guard ring, the 
latter was kept charged to 240 volts by means of a storage 
battery in order to reduce the natural leak. The upper end of 
the central rod supported the gold leaf, while the end entering 

. the ionizing chamber was rigidly attached to a wire cage 9 
centimeters in diameter and 17 centimeters high. The ionizing 
chamber was of sheet brass, 22 centimeters in diameter ‘and 24 
centimeters deep. A saturation test of the apparatus showed 
that for the voltage used in the determinations more than 85 
per cent of the negative ions reached the charged system, The 
capacity of the system was about 18 electrostatic units. The 
motion of the leaf was observed by means of a telescope having 
„a micrometer eyepiece. The electroscope had a sensitiveness of 
approximately 5 divisions per volt. A bare wire was wound 
on an iron reel fitting snugly into the ionizing chamber. After 
the introduction of the reel, the bottom of the chamber was 
closed, the leaf charged to 240 volts, and the motion of the leaf ; 
in divisions per minute recorded as the naturalleak. The wire : 
was then stretched horizontally, by means of ebonite rods, at 
a mean elevation of 3 meters, in the open space north of the 
physics building. Since no static machine was at first avail- 


" Phil. Trans. Toy. Soc, London (1905), A, 205, 61. 
" Sitzungsber. Akad. d. Wiss., math.-nat. Klasse, Wien (1910), 119, 145. 
"Terr. Mag. 1906), 7, 125. : 
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able, the wire was charged by å metal comb which was brought 
near to another comb fastened to the negative terminal of a 
Thordarsen induction coil capable of giving a 20-centimeter 
spark, The silent leak across the air gap was usually sufficient 
to keep the defiection of a Braun electrostatic voltmeter constant 
at about 3,000 volts. After midnight, however, the humidity 
was so great that the potential could not be maintained, so 
a motor-driven static machine was substituted for the induction 
coil, the aérial being connected directly to the negative terminal. 
With this the potential was kept at 8,000 volts, the pressure 
being regulated by varying the distance between two combs, 
one of which was in contact with the wire, while the other 
was grounded. After the wire had been exposed for thirty 
minutes, it was wound on the reel:and introduced into the 
ionizing chamber. After ten minutes the leaf was charged to 
240 volts by means of storage cells, and the time for it to move 
40 divisions was recorded as the reciprocal of the amount of 
active deposit on the wire. 

Amount of active deposit at Manila.—Elster and Geitel = took 
as a measure of the amount of active deposit present the leak per 
hour in volts which would be caused by the active deposit collected 
by a wire 1 meter long which had been exposed for two hours at 
a negative voltage of 2,500, the testing system having a capacity 
of 9.5. The capacity of my electroscope was about 18 electro- 

' static units, otherwise the experiments were carried on in the 
same manner. A wire 30 meters long exposed at Manila gave 
a mean discharge for 5 observations of 300 volts per minute. 
If the capacity of my electroscope had been 9.5, as in the case 
of the Elster and Geitel experiment, the discharge would have 
been about 568 volts per minute. Therefore, a wire 1 meter 
long would give a discharge of about 19. This is approximately 
the same as the mean value found by Elster and Geitel for 
Wolfenbüttel. 

Diurnal variation of the active deposit. —The diurnal variation 
was determined as follows: The wire was exposed at 8,000 
volts for a period of thirty minutes. It was then tested as 
deseribed above, and the time for the leaf to move 40 divi- 
sions was recorded as the reciprocal measure of the amount of 
active deposit collected. The actual determinations are given 
in Table I. 


? Phys. Zeitschr. (1908), 4, 526. 
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TABLE L—Diurnal variation of active deposit. 


[Length of wire, $0 meters; voltage, 8,000; time of exposure, 30 minutes.) 


Wind. 


| : | Recinto- 
i Time af- time for! Relative | Force in! 
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TABLE 1.—Diurnal variation of active deposit—Continued. 


] 
i Wind. 
i Reeipro- m 
i Time af- cal ot val |]. 7 
Date. ter mid- | time for | Relative Force in 
: night. | move 40 T Direc- | kilo- 
. , divisiona. i tion. meters 
i iper hour. 
I 
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1 
TABLE I.—Diurnal variation of active deposit— Continued. 


l : = * € ^ ; 
» H I 
| f Récipro- TN " Wind, 
| . ; Time of ime for | Relative] — 
Date. | ter mið- | teal Ps Derim ees ; Force inj 
| divisions | tion, | meters 
: i | per hour. | 
| 5 — — i å — 
| Tira. | i 
| 281 | 0.083 7| SE 6 
| 3| 0.029; 79) Calm 2 
: 4! 0.040 81| Calm 3 
i 21) 0.040 80! Calm 3 | 
| 3) 0.050 80) Calm 8 
i 4 0.055 i 53| Calm i. 
6 | 009 30| Calm 2 
103] 0.028 m| WNW 10 
ij 0.015 72| WNW 16 
15 | oo s| SE j N 
19 | 0.008 | e| ESE 1 


The wind, humidity, and active deposit were plotted as or- 
dinates with the times after midnight as the abscissæ. The 
collection on windy days did not differ noticeably from those 
taken in times of calm, and variations of the wind were not 
accompanied by corresponding fluctuations in the deposit (fig. 
5) ; so, apparently, variation of the wind velocity does not affect 
the amount of active deposit collected. All the active deposit 
curves show minima in the evening and maxima after midnight. 

- The depression shown in Dike's curve for early morning is 
lacking in all of my observations. ‘From the mean curves (figs. 
2, 3, 4) it will be seen that there are corresponding variations 
in the humidity and deposit, but the individual curves show that 
minor variations of the humidity are not usually accompanied 
by variations of the deposit, which indicates the existence of 
other factors (fig. 5). One of these factors is the variation in 
the emanation content, since Wright and Smith have found 
that the night emanation content at Manila, as measured by 
the charcoal absorption method, is about twice that of the day. 


DIURNAL VARIATION AT A HIGH ELEVATION 


Observations of the active deposit were made on Mount Ma- 
quiling, 60 kilometers from Manila, at an elevation of about 
1,140 meters. The apparatus was similar to that used at Manila’ 
except that the guard ring was eliminated. The electroscope 


"This Journal, Scc. A (1914), 9, 68. 
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Fig. 2. Active deposit and humidity curves. 
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Fig. 8. Active deposit and humidity curves. 
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was charged by means of an ebonite rod. The humidity, as 
shown by a self-registering hygrometer, remained above 90 per 
cent even at midday, and at night it was found necessary to heat 
the ebonite rods in order to maintain the voltage. The number 
of determinations is hardly sufficient to justify definite conelu- 
sions, but the night determinations are all smaller than the 
mean-day collection, and apparently the diurnal variation is the 
inverse of that at Manila. Five daytime determinations made 
at Manila with the apparatus as used on the mountain gave a 


Ed 


Fig. 5. Humidity, active deposit, and wind carves for February 4. 1914. 


mean value for the active deposit approximately one-half that 
of Mount Maquiling. 

“`. Ratio of the amount of radium active deposit to thorium active 
deposit at Manila.—A wire was exposed as outlined above, and 
the voltage was kept at 10,000 for ninet ‘minutes. The dis- 
charge was measured every three minutes After the introduction 
of the cage into the ionizing chamber and the ionization curve 
plotted. Thirteen closely agreeing deteyminations were made, 
and the mean time required for the raté of discharge to fall to 
one-half was found to be sixty-two miriutes. According to the 
determination of Harvey,” this corresponds to less than 15 per 
cent thorium active deposit. 


“ Phys. Rev, (1912), 35, 9122. 


X, A, 1 Blackwood: Radioactivity of Atmosphere 47 


TABLE H.—Diurnal variation of the active deposit collected on 
Mount Maquiling, Laguna Province, Luzon. 


—— nme -—— — EE ——— M ey 


Recipro- 
cal of 
time for 
leaf to 
move 40 
divi sions, 


- | Time af- 
Date, . _ | ter mid- 
night. 


Mean day value... 
Mean night value... 


SUMMARY 


1. The mean day-value of the active deposit at Manila is about 
the same as that of Wolfenbüttel. 

2. (a) There is a large and fairly regular diurnal variation 
of the active deposit| at Manila, the mean night-value being 
about three times that bf the day. (b) The mean active deposit 
seems to vary with thà humidity, but in the individual curves. 
there are wide divergerkees. (c) There is no evident relation 
between the wind and th amount of deposit collected, 

3. (a) The active deposit collected on Mount Maquiling, eleva- 
tion 1,140 meters, is aboyt twice that of Manila. ` (b) The diur- 
nal variation on the morfntain is apparently the inverse of that of 
Manila, the night colléction being smaller than the day. 

4. The half-periog/ value found at Manila is about sixty-two 
minutes, which corresponds to less than 15 per cent thorium 
active deposit. 


ILLUSTRATIONS 


TEXT FIGURES 


Fig. 1. Active deposit curve. 
2. Active deposit and humidity curves. 
3. Active depos!. and humidity curves. 
4. Active depos;; and humidity curves. 


5. Humidity, active deposit, and wind curves for February 4, 1914. 
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DIETHYLSUCCINOSUCCINATE 
(ETHYLDIOXYDIHYDROTERAPHTHALATE) i 
A STUDY OF ITS CONSTITUTION, SOME DERIVATIVES, AND 
ABSORPTION SPECTRA! : 


By H. D. GIBBs and H. C. Britt 
(From the Laboratory of Organic Chemistry, Bureau of Science, 
Manila, P. I.) j 
THREE TEXT FIGURES - 


Fehling * first produced dimethylsuccinosuccinate in the course 
of his studies on the action of alkali metals upon methysuccinate. 
The work of F. Herrmann? added greatly to the knowledge of 
the structure of this compound. He gives formulas to show its- 
relation to phthalic acid in the sense of the formula 


o 
H 


il 
Hi^ A COOEt 
COOEt 


and for the sodium salt he gives the formulå 


0 
i Na 
Ha N—COOEt 


HA A—COOEL 
| Na 
* o 
in both of which the carboxyl groups are in the ortho position: 
Düisberg * pointed out the fact that neither the above formula 
nor the formula in which the carboxyl groups are in the para 
position was proven. 
The work of Geuther,’ Wedel? and Ebert? also contributed 


* Received for publication August.18, 1914. 
* Ann. d. chem. (1844), 49, 192. ` 
“Ann. d. chem. (Liebig) (1882), 211, 306. 
i . * Ber. d. deutschen chem. Ges. (1883), 16, 138. 
* Ann, d. chem. (1883), 219, 119. 
“Ibid. (1883), 219, 71. 
"Ibid. (1885), 229, 45. 
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to the knowledge of the structure of the compound. The latter 
diseussed the probability of the carboxyl group being in the para 
position. 

Baeyer * showed the relationship to terephthalic acid and that 
the compound must exist in the two forms 


.H COOEt H COOEt 
WW 
H-( VOE Hd T 
HO Ju gd på 
LS N 
H COOEt É COOEt 
Enol. Keto. 


The latter conclusion was based upon the fact that phenylhy- 
drazine, ammonia, and hydroxylamine react as if the compound 
. were in the keto form, while the reaction with acetyl chloride 
(forming a diacetate) and the salt formation with alkalies indi- 
cated the enol form. He also shows that the three representations 


. H COOEt 
COOEt NZ 
Coon u/ Von Hé Son 
my oH ee ae 
HOK. /H; NZ : 9 dd H 
N N 
COOEt H  COOEt H  COOEt 
AM ALS E A25 
are possible for the enol form.” He later prepared the derivative 
CH;  COOEt 
WW 
Ha = 
i id p 
ZN 
CH; COOEt . 


by treating the sodium compound of ethylsuccinosuecinate with 
methyl iodide. This compound yields a mono- and a diphenyl- 
hydrazone, as would be expected from the above representation, 
in the same manner as does ethylsuccinosuccinate itself. 


* Ber. d. deutschen chem. Ges. (1886), 19, 428 and 1799. See also Baeyer 
and Tutein, Ibid. (1889), 22, 2189. 
* Ann, d. chem. (1888), 245, 190. 
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The existence of mixed crystal forms in ethylsuccinosuccinate 
and diethylguinonedihydroparacarboxylate was discovered by 
Lehmann and discussed by Herrmann.” The possibility of the 
existence of desmotropic forms and derivatives has been dis- 
cussed by Hantzsch and Herrmann." 

Hantzsch * refers to the oxidation of ethylsuccinosuccinate 
as producing quinonedihydroterephthalic ester of the constitution 


H COOEt 
\Z 
H— Ds. 
id 
ZN 
H COOEt 
which may indicate that the 3,6 hydrogen atoms of ethylsue- 
cinosuccinate are the first to be oxidized. 

From the work described in this paper we believe that ethyl- 
succinosuccinate can exist in two forms, the enol and keto, cis 
and trans modifications being also possible; it seems reasonable 
to assume that one of these in the keto compound will favor the 


migration to.the enol form. Of the three forms which Baeyer 
Shows are possible for the enol modification the A14 


COOEt 
Hy Non 
| 
HOR på 
COOEt ° 
is the only one tenable when the labile hydrogen atoms are in the 
1,4 positions, which from the evidence at hand, seems to be 
the case. ' i 
ENOL AND KETO FORMS 


When the mother liquor from which a considerable quantity 
of ethylsuccinosuccinate has been obtained is concentrated, a 
small amount of a yellow crystalline precipitate is thrown out. 
The purification of this compound was effected by crystallizing 
many times from absolute alcohol. The specimen thus obtained 
differs from the first precipitate formed in color, melting point, 
solubility, and absorption spectra and shows some differences 
in chemical behavior. 


" Ber. d. deutschen chem. Ges. (1886), 19, 2235, 
" Ibid. (1887), 20, 2801. Y f 
“Ibid. (1886); 19, 26. 
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The first compound thrown out is very slightly colored greenish 
yellow, melts at 127°, is less soluble in alcohol, the absorption 
band in less persistent, and the compound absorbs bromine in 
alcoholie solution and gives an initial pink color with sodium 
ethoxide. "The second precipitate formed is yellow, melts at 
1239, is slightly more soluble, its absorption band is the more 
persistent, does not absorb bromine, and gives an initial red 
color with sodium ethoxide. 

The two specimens were treated in cold alcoholic solution with 
alcoholic bromine solution by the method of Kurt H. Meyer 1 
to determine the percentage of enol and keto forms. The light- 
colored samples were shown by the average of a number of 
titrations to be approximately 90 per cent enol, while the yellow 
specimen reacted only to a very slight extent with the bromine 
solution (1 or 2 drops producing a bromine color), showing it 
to be practically all in the keto form. (The calculation is based 
upon the addition of 4 atoms of bromine to 1 atom of the ester.) 

This behavior of the compound was noted by F. Herrmann," 
while preparing a bromine addition product of ethylsuccinosuc- 
cinate. His preparations would not absorb the theoretical 
‘amount of bromine and he states that the yellow color obtained 
at the end of the titration was not necessarily due to free 
bromine but to decomposition products. In the light of our 
present knowledge we believe the yellow color of the solution, 
after complete bromine absorption, to be due to the keto form 
which has been unacted upon: 


REDUCTION OF ETHYLSUCCINOSUCCINATE 


On treating an alcoholic solution of ethylsuecinosuccinate (90 
per cent enol form) with a small quantity of concentrated hydro- 
ehlorie acid and adding zine dust in small amounts a colorless 
crystalline substance is thrown out of the solution. This com- 
pound is practically insoluble in aleohol and water, but is soluble 
in warm toluene from which it can be thrown out in beautiful 
colorless crystals by the addition of alcohol; melting point, 120°. | 
It is soluble in alkalies, forming a solution which quickly turns 
brown in the air. "On treatment with acetyl chloride a derivative 
is formed which melts at 167°, 2 degrees below the melting 
point of the diacetyl derivative of ethylsuceinosuccinate. It 
becomes yellow on heating, while the diacetyl derivative of 


* Ann. d. chem. (1911), 380, 212. 
“ Ber. d, deutschen chem. Ges. (1886), 19, 2229. 


XA} Gibbs and Brill: Diethylsuccinosuecinate . 55 


ethylsuecinosuecinate does not. Mixtures of the two compounds 
melt at 166°. It is possible that this is the reduced ethylsue: 
cinosuccinate of the following constitution: 


H COOEt 
NÅ 


H COOEt 


The absorption spectrum shows some differences from the 
known diacetyl derivative. It was observed that the crystals 
of diethylsuccinosuccinate which form on cooling the filtrate 
obtained after the reduction with zinc dust and hydrochlorie acid 
are more yellow than the original compound employed. This 
may indicate that the enol form is more readily reduced, the 
keto form remaining in a greater proportion than was orig- 
inally present. | 

Absorption spectra.—The absorption spectra of two samples 
of ethylsuccinosuccinate, one 90 per cent enol melting at 127° 
and the other practically all keto melting at 123°, in neutral 
alcohol solution and with 2 equivalents of sodium ethoxide, and 
the diacetate of ethylsuccinosuccinate are plotted in fig. 1. 

It is to be noted that the absorption band heading at 1/A=2,660 
in neutral solution is more persistant in the keto form, while 
in alkaline solution the reverse is the case. This points to the 
conclusion that the color is due to the keto form and that this 
compound is less affected by alkalies. "The curve of the acetyl 
derivative shows no absorption band and leads to the conclu- 
sion that the labile hydrogen of the hydroxyl is necessary to 
Selective absorption. The shift of the band produced by sodium 
ethoxide is found in all hydroxy benzene derivations examined.” 

The absorption curve of the diimide ! of ethylsuccinosuccinate 
in neutral solution and in the presence of an excess of hydro- 
chlorie acid are plotted in fig. 2. 

Since this compound is a derivative of the keto form in which 
the oxygen atoms are replaced by the more active —NH groups, 
it is to be expected that it will be more highly colored than the 
keto ethylsuccinosuccinate and show a greater absorption band 
in the same region of the spectrum. Acids form salts with this 


* Gibbs and Pratt, This Journal, Sec A (1913), 8, 33. 
" Baeyer, Ber. d. deutschen chem. Ges. (1886), 19, 429. 
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compound and saturate the free affinities of the nitrogen atom 
destroying the band. 


Oscillation frequency. 


22 24 26 28 3000 32 34 36 38 4000 42 44 


Logarithms of relative thickness in millimeters of 1:10,000 molar solution. 


Fig. 1. Curve I. Diethylsuccinosuceinate in alcohol. Light yellow modification. Curve II. 
Diethylsuecinosuecinate in alcohol. Deep yellow modification. Curve III. Diethyleuccino- 
succinate in alcohol plus 2 equivalents of sodium ethylate. Light yellow modification. 
Curve IV, Diethylsuccinosuccinate in alcohol plus 2 equivalents of sodium ethylate, Deep 
yellow modification. Curve V. Diacetyldiethylauccinosuccinate in alcohol. 


The absorption curves of methylsalicylate in neutral alcohol 
and in the presence of a great excess of sodium ethoxide and 
of the acetyl derivative of methylsalicylate are plotted in fig. 3. 
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The great difference in the curve of the acetyl derivative from 
those of the first two compounds, shows that the fixation of the 
labile hydrogen atom has the same general effect as in ethylsuc- 
cinosuccinate and its diacetyl derivative. In the latter the 
, Spectrum shows only general absorption since the benzene ring 


Oscillation frequency. 


2000 22 24 26 29 3000 32 34 36 38 4000 42 44 


Logarithms of relative thickness in millimeters of 1:10,000 molar solution, 
N 
* 


FIG 2. Curve I. P-dilmide of diethylsucelnosuccinate in alcohol. Curve II. P-diimide of diethyl- 
succinosuccinate in alcohol plus 2 equivalenta of hydrochlorie acid. 


is more nearly saturated. The entire disappearance of an ab- 
Sorption band in acetylmethylsalicylate is not to be expected 
since phthalic acid? and phthalic anhydride show a similar ab- 
sorption band due to the effect of the vibration of the benzene 
ring. 


"Pratt, This Journal, Sec. A (1913), 8, 399, 
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Oscillation frequeney. ` 


3000 32 34 36 38 4000 42 44 


Logarithms of relative thickness in millimeters of 1:10,009 molar solution. 


Fig. 8. Curve 1. Methylsalicylate in alcohol. . Curve IT. Methylsalieylate in alcohol plus 600 
equivalents of sodium ethylate. Curve HI. Acetylmethylsalievlate in alcohol, 
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The color of the yellow form of ethylsuccinosuccinate is due 
not to an absorption band in the visible region of the spectrum, 
but to å band which lies so close to the visible region, heading 
at 1/A=2,660, that at the higher concentrations it broadens into 
the visible. Since the persistence and breadth of this band prob- 
ably depend upon the relative amounts of enol and keto forms 
present and since the diacetyl derivative gives no band at all, 
it is quite possible that the pure enol form will be colorless and 
that the absorption band heading at 1/4—2,660 may be absent. 
The equilibrium existing between the two forms in alcohol solu- 
tion has so far precluded the photographing of the pure enol 


. form without first fixing the labile hydrogen atoms. The band 


of the keto from is not due solely to the —CO groups in the 


» para position but to the influence exerted upon them by the 


neighboring carboxyl groups. Tetrahydroquinone and its diox- 
ime are colorless; ' 


? 
Ho N-e - 


UJ 
He —Hs 
B 
Ó 


it seems probable, however, that these compounds will show 

absorption bands near the visible region of the spectrum, due in ` 
the case of the former to the mutual influence of the carbonyl 
groups, in a manner similar to that found in diacetyl. The 

neighboring carboxyl groups in ethylsuccinosuccinate may 

merely shift this band slightly so that it falls nearer the visible 

region. 

Baeyer and Noyes '* found that tetrahydroquinone reacts with 
acetyl ehloride and forms a white precipitate in ether solution 
on the addition of sodium aleoholate and that it, therefore, may 
exist in two forms, the enol and keto. 

Diethylsuccinosuccinate in addition to the enol and keto, may 
have stereoisomeric modifications, the cis and the trans forms. 
Since stereoisomerism is only possible when the carbon atoms 
to which the carboxyl groups are attached are saturated, wand- 
ering hydrogen atoms in the 1,4 positions in the keto form 
preclude the existence of cis and trans modifications. It seems 
reasonable to assume that in the keto form this change takes 


" Ber. d. deutschen chem. Ges. (1889), 22, 2168. 
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place more readily when the 1, 4 hydrogen atoms are in a posi- 
tion to most influence the --CO groups. 

The absorption band of ethylsuccinosuccinate heading at 
1/A=2,660 is shifted to 1/4—2,400 in the: presence of sodium 


ethoxide. This shift in position is entirely analogous to the 


shift in the band of methylsalicylate and argues for a similar 
structure. It has been shown that in methylsalicylate * and 
some related compounds the influence of the carboxyl upon the 
hydroxyl group is very marked and that the =CO group of the 
carboxyl is so affected by the neighboring hydroxyl that, in 
certain respects, the estér behaves more like an ether. 
Acetylmethylsalieylate. This compound was produced in a 
manner analogous to that employed by Freer ” for the produc- 
tion of the ethyl derivative; namely, by boiling methylsalicylate * 
with an excess of acetyl chloride. The yield seemed to be in- 
creased by the presence of a small quantity of pyridine. The 
ethyl ester boils at 272°, while wé have found that the methyl 
derivative boils at about 265° with decomposition. Final puri- 
fication was effected by distilling. A distillate with a constant 
boiling point at 7 millimeters pressure of 122° was obtained. 
This product was colorless, odorless, and produced only the 


- faintest coloration with ferric chloride solution. 


SUMMARY 


The absorption spectra of ethylsuccinosuccinate in neutral 
and alkaline alcohol solutions, the diacetate in neutral solution, 
the diimide in neutral and acid solutions, and acetylmethylsali- 
cylate, have been measured. 

As a result of this work we believe that ethylsuccinosuccinate 
exists in two forms, the enol and keto, which have different 
melting points: 


COOEt H goone 
nj V—OH KAA ye 
TN Ha ol He 
oo GOO0Et i toos 
AM enol. Keto. 


* Gibbs and Pratt, This Journal, Sec. A (1913), 8, 44. 

" Gibbs, Williams, and Galajikian, This Journal, Sec. A (1913), 8,1 
and Gibbs and Pratt, loc. cit. 

"Journ. f. pr. Chemie (1893), 47, 246. 
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` that the pure enol form is colorless, while the keto form is yellow 
due to general absorption or the extension of an absorption band 
lying near the visible region. The fixation of the labile hydrogen 
atom or the saturation of the free affinities of the oxygen atoms 
in the para position destroys the absorption band. The behavior 
of this compound in the enol form is quite similar to that of 
methylsalicylate. 


ss 


Fig, 1. 


ILLUSTRATIONS 
TEXT FIGURES 


Curve 1. Diethylsuccinosuccinate in alcohol. Light yellow modi- 
fication. 

Curve IJ. Diethylsuceinosuccinate in alcohol. Deep yellow modi- 
fication. 

Curve HI. Diethylsuceinosuceinate in alcohol plus 2 equivalents of 
sodium ethylate. Light yellow modification. : 

Curve IV. Diethylsuccinosuccinate in alcohol plus 2 equivalents of 
sodium ethylate. Deep yellow modification. i 

Curve V. Diacetyldiethylsuccinosuccinate in alcohol. 


. Curve I. P-diimide of diethylsuccinosuccinate in alcohol. 


Curve II. P-diimide of diethylsuccinosuccinate, in‘ alcohol plus 2 
equivalents of hydrochloric acid. 


- Curve I. Methylsalicylate in alcohol. 


Curve II. Methylsalicylate in alcohol plus 500 equivalents of sodium 
ethylate. . 
Curve IIT, Acetylmethylsalicylate in alcohol. 
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WATER SUPPLY FOR THE CITY. OF ILOILO! 


By Georce W. Heise 
(From the Laboratory of General, Inorganic, and Physical Chemisry, 
Bureau of Science, Manila, P. I.) 
ONE TEXT FIGURE 


Iloilo, one of the largest and most important cities in the Phil- 
ippine Islands, is greatly in need of a municipal water supply 
system, yet the problem of obtaining good water in adequate 
quantities is rather complex. Most of the surface waters in the 

. vicinity are high in mineral content, and are of objectionable 
taste, and the artesian waters are almost all brackish, high in 
iron, and extremely hard. There is no suitable water available 
for boiler use and no supply for fire-fighting purposes. A num- 
ber of the residents have accustomed themselves to drinking the 
water from the artesian wells, without experiencing any notice- 
able ill effects; many construct large rain-water cisterns; many : 
have their drinking water carried from comparatively great 
distances, either from surface wells in outlying districts or from 
springs on Guimaras Island, across the straits from the city; : 
many obtain distilled water from the local ice plant. As might 
be inferred, the situation is highly unsatisfactory. The artesian 
waters are so hard and brackish that they are unsatisfactory 
both for household and boiler use; the cistern supply, question- 
able at best owing to its susceptibility to contamination, is liable 
to fail during a long dry season; the waters carried for long 
distances are subject to pollution, both at the source and during 
transit; the distilled water is expensive and is available only for 
drinking purposes. 

For some years the Bureau of Public Works has been develop- 
ing projects for supplying the city with water. Iloilo and its 
environs, including Molo, La Paz, and Mandurriao, have a popu- 
lation of approximately 55,000 to be provided for, hence they 
would require, at a rough estimate based on the water consump- 
tion of Manila, a supply of about 11,350,000 liters (3,090,000 
gallons) per day. Thus far three main projects have been pro- 
posed: (1) To dig enough artesian wells in the outlying dis- 
tricts to develop a town supply; (2) to throw a dam across 
Tigon River at Maasin, impounding an adequate amount of 
water which could be piped to the city; (3) to get water from 
the springs and upland water courses of Guimaras Island and 
to bring it to Hoilo by pipes laid beneath the straits separating 
the island from the mainland. d 


* Received for publication January 29, 1915. 
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I was detailed to make a "sanitary survey” of the available 
water supplies of Iloilo with a view toward determining the 
relative merits of the different projects. Accordingly a field 
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in km. 


\ Fic. 1. Guimaras Island and a part of Panay. 
N 


investigation including chemical assays and biological exami- 
nations was undertaken in November, 1914, the results of which 
are detailed herewith. 


sa = 
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The methods. of chemical examination employed in this work 
were, with some modifications, those outlined by Leighton; The 
errors and limits of accuracy involved have been discussed by 
the same author. In addition bacteria counts on litmus lactose 
agar and tests for gas-forming organisms in lactose bile agar 
were made with the aid of a small portable bacteriological outfit. 


DEEP WELLS 


Many wells have been drilled in the vicinity. of Iloilo by the 
Bureau of Public Works. Most of them are from 60 to 80 meters 
deep, and no potable waters have been found at greater depths, 
although borings have been extended to over 700 meters. 

The artesian well project involved drilling a battery of wells 
at Molo, a few kilometers from Iloilo, large enough to furnish 
sufficient water to supply the city. In some way it had come to 
be generally believed that the artesian wells already completed 
in that vicinity were gradually losing their salt content, and 
that the improvement of the water was sufficient to justify its 
development for a municipal supply. Just how this idea orig- 
inated is not quite clear; perhaps it was due to the fact that 
people quickly accustom themselves to surprisingly large 
amounts of salt in drinking water and that their ability to detect 
salt by its taste is correspondingly decreased. That the salt 
content of the deep wells in Iloilo and its environs is not decreas- 
ing, is clearly shown by the comparative data in Table I. 


TABLE ].—Chlorine content of artesian wells in Panay. 


[Numbers give parts per million.] 


SE BE Sa nn 


Chlorine content by— | . 
mene Free | analyse 
(1905-1913) [NSE ee 
E 855 
695 760 
791 810 
868 870 
831 870 
1,620} 160 
1791] 150 
728 790 
867 925 
E 318 
E 376 
390 601 


* Water Suppl. & Irrig. Papers, U. S. Geol. Surv. (1905), No. 151. 
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Although no great accuracy is claimed for the most recent 
analyses, since part of them were made by field methods, the 
results may be considered conclusive, especially as å number 
of determinations were checked volumetrically and showed good 
agreement. The detailed analyses of the artesian well waters 
of Iloilo and vicinity, as performed during the course of the 
present investigation, are given in Table II. 

. Color is rated in approximate accordance with the Hazen 
platinum-cobalt color standard. 

As will be seen from the analyses, the waters listed are all 
brackish. Some of the artesian wells show an appreciable 
variation in their flow, being influenced by the tides; in fact, 
some are intermittent and flow only at high tide. The quality, 
too, of these waters, shows certain variations, but whether. the 
changes noticed are also dependent on the tides has not yet been 
established. It is clear that seepage from the ocean'is not a 
factor. The absence of sulphates is a marked peculiarity. Bar- 
ber5 has already pointed out that flowing artesian wells are 
practically sterile, and this series of tests confirms his conclu- 
sions. None of the drilled wells examined showed an excessive 

. bacteria count. : 

In view of their high mineral content, their brackishness, their 
mildly laxative properties, and their excessive hardness, it does 
not seem advisable to try to develop any of those waters as a 
source of municipal supply. 


MAASIN 


The Maasin proposition involves the installation of the type 
of system which has already been found successful at Manila 
and Cebu; namely, the impounding of the water from a river 
and the reservation of the watershed drained by that river from 
settlement and trespass. l 

The advantages of the Maasin project are the certainty of an 
adequate supply of water throughout the year and the possibility 
of supplying other towns, between Maasin and Iloilo, with 
much-needed water systems; its disadvantages are the distance 
(at least 25 kilometers) which the water must be piped, and 
the cost of the enterprise (more than 2,000,000 pesos). 


* Am. Chem, Journ. (1892), 14, 300. 

“Alt the waters in Table II, with the possible exception of Nos. 7, 8, 
13, and 15, and perhaps one or two others, were being used for drinking 
purposes. They are certainly more wholesome than any other natural 
waters available in the districts they supply. 

* This Journal, Sec. B (1913), 8, 443. 
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[Numbers give parts per million.] 
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From a chemical point of view, the water is potable, and since 
it eomes from a sparsely settled watershed, which could be 
closed to settlement and guarded against trespass, it can doubt- 
less be kept uncontaminated, The chemical analysis of the 
Tigon River water is as follows: 


TABLE III. —Chemical analysis of the Tigon River water. 


Physical characteristics i Normal. 
Turbidity Nil. 
Color : Nil. 
Total solids 390 

Fixed : 290 

Volatile 2 100 

Organie matter : Trace. 
Alkalinity as CaCO, . 50 
Iron (Fe) 0.7 
Magnesium (Mg) Little. 
Normal carbonates as Na-CO; Nil. 
Bicarbonates as CaCO; i 50 
Sulphates as SO; 54 
Chlorides (Cl) 16 
Total hardness as CaCO: 140 


Estimated encrustants 140 
GUIMARAS ISLAND 


Guimaras Island is well supplied with water. In the coralline 
limestone formations near the coast there are many springs 
which have excellent local reputations; farther inland and up- 
land there are streams which have an apparent abundance of 
clear soft water. During the Spanish régime, the waters from 
various springs were brought into great stone baths, some of 
which still exist, i 

The single attempt to drill an artesian well on Guimaras 
proved a failure. Although a depth of over 200 meters was 
attained, no potable water was encountered in any appreciable 
quantities, 

Table IV shows the analyses of typical water supplies. 

The “probable encrustants” were determined in accordance 
with the formula given by Dole." The “classification for boiler 
use” is more or less arbitrary. 

Chemically these waters appear to be suitable for the Iloilo 
supply. Guimaras Island is so sparsely populated that it should 


be very easy to prevent the contamination of any of the sources 
listed. 


* Water Suppl. & Irrig. Papers, U. S. Geol. Surv. (1910), No. 254, 232. 


TABLE IV.—Waters of Guimaras Island. 


[Numbers give parts per million.] 


Fi] T l D EI " " 1 
G i H 4 E] x Š s 
EH | i el SEP] AE 
ini i i pa ptg SIE $.18 
EI - ! a E] si Ba) g | 23 eal N * N 
EIE Location. Source. i ij 512 1/88/28] å 158] : | 28] å Classification for | Remarks. 
E 8, : | 2| BRO} es) å 28 2.1244 23 oiler use. 
HE. i.) BL Bis |80| 8 1590 st 23 
EIE TEE SE ARE AE. * $1 
gi 2 SISIE 18 | AI] 513 i? I 
HE siS jaja i$ 3 |= s la iR! 
ala | $|&5j0/!9 is | å |« IE IE 
! MS i i | 1 | i: ! 
à 26 | Daliran, Buenavista .... Spring souse | o! o jies! o laas! @ bag! Lol 246! 145 | Less than 60 bac- 
j | i i i | i f ! i Å eta per ee hø 
: i ! B : 1 i | acid or gas for- 
|: : j i H mers. T 
2 | 27 í Buenavista Taingban Cave..: 0 I 0 | 46.2! © | 462/40 | 300 
I i. 
3 | 28 : Near river at Buenavista - o | 0 | 50.0] @) |500; LO | 288 
4 | 29 | Large cement bath, Nagaba o: | 0 i491] @ 149.115.0 | 336 
5 | 30 | Old broken-down bath, Nagaba. 9 9 i 50.01 (2) 150.015.0 | 335 
6 | 31 | Eight kilometers from Naga- D] | 0 (25.0) (9 i250| 1.0 | 40 
i i | i 
| pa southeaet of hacienda. T i i i 
7 | 32 | Near hacienda 0: 0: 85| o 15.0 | 9 50 | 0.66} 276 | 160 | Fair... | Fifty organisms per 
1 | i i | | ec.;no acid or gas 
| a PNE | formers. 
8 | 88 | South of hacienda ... o; o | $5; 0 |170| () j17.0j0.85| 48| 31 | Excellent... i 
i ! i 
E ^ Trace. 
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At the present time weirs have been established to determine 
how much water is available from the various water sources 
at different seasons of the year. It is quite possible that enough 
water may be developed from the upland sources to enable the 
installation of a direct gravity system for Iloilo. 

The Guimaras project is an attractive one, because, if feasible, 
it means a supply of water for Hoilo at comparatively low 
expense. The distance across the straits is something over 3 
kilometers, but in spite of the added difficulty and expense in- 
volved in piping the water under the sea, the estimated cost 
of the Guimaras project is only about one-tenth that of the 
Maasin enterprise. 


CONCLUSIONS 


The chemical character of the artesian waters is such that 
their development as a source of municipal water supply does 
not seem advisable. 

The Maasin and the Guimaras Island projects are both feas- 
ible, so far as the quality of the water is concerned. 


. ILLUSTRATION 


TEXT FIGURE 


Fig. 1. Map of Guimaras Island and.a part of Panay Island, P. 1. 
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BOILER WATERS OF ILOILO PROVINCE 


By GEORGE W. HEISE 


(From the Laboratory of General, Inorganic, and Physical Chemistry, 
Bureau of Science, Manila, P. I.) 


Å good illustration of the practical value of, and the necessity 
for, a systematic study of Philippine water supplies was fur- 
nished during the course of a recent field investigation of the 
waters available for the municipal supply of Iloilo, on Panay 
Island. 

Tloilo, now numbering over 50,000 inhabitants, is one of the 
largest and most important cities in the Philippine Islands; yet 
it has no water supply system. Its needs are supplied for the 
most part by a number of brackish artesian wells, by surface 
wells, and by rain-water cisterns. The users of boiler water 
seem never to have been able to obtain waters suitable for their 
needs. Practically without exception, the waters extensively 
used at the present time are uniformly bad, and there have 
been developed no sources of good water within a reasonable 
radius of the city of Iloilo. The artesian wells of Iloilo and 
vicinity are almost out of the question for boiler use, owing to 
the excessive amounts of salt and scale-forming ingredients 
which they contain; and the surface supplies are almost as bad. 
A representative of one of the larger firms in Iloilo asserted 
that his company was spending 500 pesos a month for boiler 
parts and wear and tear on equipment, due to the use of bad 
boiler water. There was no apparent reason to believe that 
the figure mentioned was exaggerated, indicating that the waste 
due to the use of improper water for industrial purposes 
amounted to several thousand pesos per month for the city of 
Noilo alone. Most of the boiler water used is taken from Salog 
River at Jaro, whence it is piped to Iloilo. Although known 
to be of very poor quality, it was the best water available, and 
was accordingly much used, 

No systematic study of the available water supplies had ever 
been attempted. A preliminary investigation indicated that 
there must be sources of good water available for use in Iloilo 
Province either unknown or undeveloped. In the regular course 


* Received for publication, January 26, 1915. 
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TABLE 1.—Analyses of waters of Iloilo Province, 


[Numbers represent parts per million. ] 


Ad Location. ` Source of supply. i Color, | Turbidity | Alkalinity Taas o Eiet 
| I 
1 31 Waterfall, 8 kilometers southeast of I 0: 9 l QE D iaa es 
Nagaba. i i i i i 
2| 49 | Dao, Capiz | t 33.4 200 ! 100 
3! 62 | Bridge 27-8, Philippine Rwy. Co i | 72.6 190 105 
4j 60} Buntog, Capiz ..... .| Panay River i i 34.4 125 | 85 
5j 64} At telegraph pole 15-10, Philippine Rwy. Co Slough"... SLT ! 30: 39 
6! 53 | Railroad bridge 56-9, Lamunang, Ioilo.... -| Lamunang River 224] 212; 128 
7| 58| Crossing Passi-Calinog provincial road, Iloilo FI 50.0 260 140 
8| 48 Mambusao, railroad bridge 90-5 Mambusao River - 
9| 59 | Passi, Iloilo (above juncture with Lamunang River) .| Jalaur River . oi (s) 
10 | gs | Pasei, Iloilo, railroad bridge 53-6 i 400 | 
11; 39|Golf Club, Santa Barbara, Iloilo . Spring ....- 0; 
12 j 60 i Philippine Rwy. Co. bridge 46- 6. Ulian River -» (2) i 
18 | 84] Beyond Pototan, crossing of provincial road with | Jalaur River 0 
j river. E | 
14 51 | North of Dumarao, Capiz -| Stream - 0 47.5: 310 215 
15 i £2 Dumarao, Capiz -| Sump. (a) 50.0 i 2015 225 
16 * 361 At river-crossing of provineial road between Santa | Tigon River 0 90! 200 290 
i | Barbara and Janivay. : : 
171 61] Bridge 29-5, Philippine Rwy. Co Abangay River EE 405 
18, 63 | Bridge 17-4, Philippine Rwy. Co Tigon River [ON 315 
19| 45 | Pototan, Iloilo River .. oi o! 310 
20| 65! Pavia, Iloilo Tigon River i 0j 0, 285 
21| 46 | Capiz, Capiz - | Sump... Ditches EE 20 
221 56 | Pavia bridge, Iloilo . | River -~ 0 580 
23| 28 | Trade School, Moll... iese ese ee vee ese ves! Surface well - vi n. p 
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Passi, Iloilo ....... B - 
Calle Jaena, next to municipio of Pototan, Iloilo . 
Jaro, Iloilo. 


At army post, within 50 meters of the bay, Iloilo, | 
Iloilo. ; 


29 | 37 | At plaza, Santa Barbara, Iloilo -| Artesian well... 
30! 8 | Calles R. Mapa and Cementerio, Mandurriao, Hoilo-...! Artesian well 490 
31i 8! Calle Ortiz, lloilo .... ! Artesian well 514 
32! 25 | Noilo Electric Co., lloilo . Å Artesian well. 
33| 10 | Calle Remedios, Hoilo -| Artesian well 528 
“ioan | Plaza Goiti and Ledesma, Iloilo, Iloilo . *| Artesian well 58 
H 
= = poH | ; 
‘Trae Volatile on: Caleium Sulphates Cherie | carbone | Biearbon- (Total harl-| Probable Ciassifieation for Remarks 
No. | ignition, | (Ca). aa 802. (Cp. wtena® i CacOs | CacOs Bs boiler use. i . 
N MEE N EE | ei _ EE — EE ad MEM 
| i | 
1j i 0 ; 00 8.0! o; 25.0 40: 35 | Excellent. 
2) 29 Í o 8.0 N 33.4 | 66 5i | Contains much organie 
4 i i | i i : matter. 
s! 8: (0 j 2001 (9 ! ino! D . me) 65 | 
M 407 40 i 0.80 | 18.0 50: ot 34.4 I 80 | 
5: 9j o ' 400; oj 19.0 | vi SLT | 52 i Do. 
6 GET 0.85 j 10.5 I 5.0! 0: 38.4 91: Å . 
1 st} 0.50 | 10.0 | T5 j 9 60.0 å 100 | ] 
8; 10 2.00 14.5 5.5 | 9 50.0 100 ; 
9 (96 i 0,35 19.0 8.01 16.9 | 15.4 | 128 : 
a | 88: 27, -15.5! 6.5! [E 31.8 1! | ! Clears rapidly by sedimen- 
I | | , | | tation, ' 
(5100 | o ® | 8.0: o 66.7 | m: ! . 
^ 0.35 * 19.0 10.0] 9; 46.2 112; 
0.50 I 29.0! 10.0 | o| 54.5 120 
0.25 25.0 6.5" 0: 47.5 168 | 
* Trace. 
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TABLE L—Analyses of waters of Iloilo Province—Continued. 


al , . Normal " p -i Mg led 
ESE AE SE OE MA EE IE for Remarks, 
; NazCOs. å d T É 
-L- | ann ai 
15 80 |. 1.50 27.5 11.5 o 50.0 152 125 | Fair... 
0.65 54.0 16.0 D] 50.0 140 145 |...-.do ... Contains some organie 
i å matter. 

1.00 19.0 102.5 o 54.5 | 100 95 |_-..-do ~- 

0.50) ^ 225 14.0 0 s17] 250 170 | Fair to poor 

6.00 50.0 14.0 212] 25.5 | 188 | 125 | Fair 

2.00 79.0 17.0 19.3 «25.01 146 I 

0.35 125.0 85.0 0| 468 106 | 

[o] 100.0 16.0 0 36.4 192 | 
o 11.0 70.5 o 50.0 212 | 

0.35 68.5 117.0 9 32.2 | 192 | 

1.70 78.9 85.0 0 i 46.0 282 | 

0.30 144. 154.0 9| 32.0 396 i 
1.00 350.0 190.0 [3 54.5 41 

240| >600 8, 150.0 26.6 | 19.4 £20 : 

12.00 o 242.0 60.5 | 17.5 I 17 | Too high in nonencrusting 
| i i solids for good boiler 
| | i | water. 

2.50 o 318.0 34.8 12.5 | , 58 Do. 

8.00 0 870.0 o 64.5 | 296 

12.00 0 1,280.0 9 50.0 | 828 

2.00 0| 100.0 D 35.0 I 442 

10.00 [2] 1,835.0 o 44.0 720 -| Becomes turbid on stand- 

| ing. E 
* Trace. 
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of the work a number of, water Supplies were found which 
might be used to advantage, and in order to make the results 
of this work available the most significant data are tabulated 
herewith. : 

Most of this work was done in the field, for the most part 
in accordance with the methods outlined by Leighton,? by whom 
the sources of error and the accuracy of these methods 
have been discussed. “Color” is rated in terms of the Hazen 
platinum-cobalt standard. The “probable encrustants” were 
calculated in accordance with the formula given by Dole.‘ 
The “classification for boiler use” is more or less arbitrary. 

Although these data are only approximate, they give a fairly 
good idea of the industrial water supply situation in Iloilo, and 
indicate that there are a number of sources which will yield 
good boiler water. 

Some of these waters should be quite suitable for boiler pur- 
poses without any treatment; most of them could be made into 
excellent boiler waters by preheating or by inexpensive chemical 
treatment. It will be noted that the “Jaro” water is one of the 
worst on the list. The sources listed for the most part are 
surface supplies; hence, it is possible that change of season 
might introduce or cause variations in chemical quality. All’ 
of the analyses were made in November and December, 1914; 
that is, after the dry season was well along; hence, another 
series of analyses should be made, preferably during the rainy 
season, to determine whether any changes occur great enough 
to affect the fitness of these waters for boiler purposes, 


* Water Suppl. & Irrig. Papers, U. S. Geol. Surv. (1905), No. 151. 
* Am. Chem. Journ, (1892), 12, 300. 
* Water Suppl. & Irrig. Papers, U. S. Geol. Surv. (1910), No. 254, 232. 
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A PRELIMINARY CHECK LIST OF PHILIPPINE MINERALS? 


By WARREN D. SMITH, F. T. EDDINGFIELD, and PAUL R. FANNING 
(From the Division of Mines, Bureau of Science, Manila, P, 1.) 


The following 118 mineral species and varieties comprise all 
those known with certainty to us to occur in the Philippines. 
There are others whose presence we suspect, but which have not 
been definitely identified. For instance, tin, native brass, and 
diamonds are said to exist here, but this laboratory has no author- 


, itative knowledge of them. 


All the minerals herein mentioned are in the collections of the 
Bureau of Science, and have been collected for the most part 
during the American régime. The collections of the old Spanish 
Mining Bureau were almost worthless when they passed into the 
hands of the Americans. ' Whether the best Specimens had been 
transferred elsewhere at the outbreak of hostilities we do not 
know, but we have reason to Suspect such to have been the case, 

Three other mineral collections in the city of Manila have 
been consulted; namely, that of the Ateneo de Manila of the 
Jesuit Order, that of the Santo Tomás University of the Domi- 
nican Order, and lastly that of the Ateneo de Rizal, but we have 
found only a very few specimens which were not in our own 
collection. As there is some doubt also about the localities of 
some of the minerals in those colleetions, we have. purposely 
omitted several species. . . 

Our acknowledgement of assistance from the curators of these 
institutes is hereby gratefully made. 

It will be noted that many of the minerals in the following 
list have no economic value, but the fact that a substance has . 
no present commercial value is no reason for excluding it from 
a catalogue. The future will undoubtedly see a number of min- 
erals now thought to be of little or of no use to man become of 
great commercial value. For instance, when the large deposits 
of concentrated iron ‘oxides, like hematite and limonite, become 
exhausted we shall be forced in all probability to turn to the 
iron-bearing silicates of too low a grade to be worked economic- 


: ally at the present time. The mineral leucite with its 21 per 


cent of potash is a valuable prospective source of this important 


* Reprinted from Min. Resources P. 1. for the year 1918, Bur. Sei. 
(1914), $ 
131717—6 81 


82 The Philippine Journal of Science 1915 


ingredient of the soil, but only until recently has any one thought 
seriously of extracting it. 

We have before us the list of minerals of Taiwan (Formosa) 
by Okamoto, of the educational bureau of that island. In this 
list he gives 50 minerals, less than half the number we have in 
the following list. Six of these we have not yet found in the 
Philippines, while there are 3 others which we suspected to be 
here but have not certainly determinėd. 

We take this opportunity to urge all the mining men and 
students of the various schools and colleges to send specimens 
of any minerals which they may think new or interesting to 
the Bureau of Science. It is reasonable to expect that when 
more persons shall become interested in this line and more ob- 
servant of natural objects this list will be greatly augmented. 
We are already greatly indebted to many of our friends of the 
mining community for valuable specimens. 

It is to be regretted that up to the present we have not made 
many studies of a mineralogic nature, as more pressing in- 
vestigations in the mining fields have prevented us from doing 
so. The compilation of this preliminary list has suggested 
several subjects which can be profitably taken up in the future. 


CHECK LIST OF PHILIPPINE MINERALS 


Actinolite—Ca (Mg, Fe) ,Si,0,,. 

This mineral occurs as acicular green crystals in the crys- 
talline schists of Ilocos Norte. It is classed as one variety of 
asbestos in the trade. There is no production in the Philippines. 
Agate—SiO,. 

Agate is found in many parts of the Archipelago where silic- 
ification has occurred. Occasionally some specimens suitable for 
polishing are found. There is no production d in the Philippines. 
Albite. (See Plagioclase). 

Altaite—PbTe. 
This mineral occurs intimately mixed with sylvanite and free 
` gold in specimens from the Tumbaga mine, Ambos Camarines. 
It is tin white, sometimes with a bronze tarnish, and occurs as 
negative crystals or pseudomorphs after quartz crystals or frag- 
ments. Development work exists only at this mine. 
Amethyst-8i0,. 

Some large crystals have been found in Palawan, but this 
mineral is not common in the Philippine Islands. One large 
specimen of amethyst erystals from Mount Tumarbon, Palawan, 
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can be seen in the Santo Tomås Museum. When perfect it is 
used as å gem. There is no production in the Philippine Islands. 


Analcite-—NAaAL(SiO,) ,-+-H,0. 


This mineral occurs as an alteration product of leucite in 
some volcanic rocks of limited distribution in Masbate. 


Andesine. (See Plagioclase). 
Anorthite. (See Plagioclase). 
Anthophyllite.— (Mg, Fe) SiO, 

This mineral is a variety of amphibole in long diy white to 
brownish fibers, and is associated with serpentine and asbes- 
tos. It oceurs in Ilocos Norte. In some cases it could be used 
as a substitute for asbestos. There is no production in the 
Philippines. 

Apatite—Ca, (Cl, F) (PO,);. - 

Apatite occurs as large yellowish crystals in small amounts 
in metamorphic rocks near Pasuquin, Ilocos Norte, and also in 
minute crystals in many igneous rocks in the Philippine Islands. 
It is valuable for fertilizer if found in large enough quantities. 
There is no production in the Philippines. 

Aragonite—CaCO,. f 

The mineral is found so far in one locality, Talim Island, La- 
guna; in long clear crystals in vugs in basalt. It has no economic 
value. 

Arsenic—As (metallic). 

This mineral is deposited presumably from hot springs in the 
form of kidneys (reniform). It is found near Buguias, Moun- 
tain Province. There is no local use for arsenic. 
Asbestos—H, (Mg, Fe),Si,0,.  (?) 

Asbestos is associated with serpentine in Ilocos Norte. No 
first-grade asbestos has yet been found. It consists practically 
of longitudinal fibers. One small sample of cross fiber (see 
Chrysotile) is in our collection. There is.no production in the 
Philippines. 

Asphaltum—Complex series of hydrocarbons. 

One small specimen was brought in from the Eastern Cordil- 
lera, Luzon, which is of doubtful authenticity. 
Augite— (Mg, Fe) (Al, Fe) SiO.. 

This mineral is one of the pyroxene group of silicates—common 
as a rock mineral. Augite has no. economic value at present. 
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Azurite— Cu, (OH) (CO,).. 

Azurite occurs as minute blue crystals in some copper deposits 
of Pangasinan, Batangas, and Mindanao. 
Baltimorite—-H,Mg,Si,0,. 

Baltimorite is a white to bluish fibrous mineral associated with 
serpentine. It is found in Ilocos Norte. It could be used for 
steam packing and roofing material, There is no production 
in the Philippines. 


Barite—BaSO,. 


Barite. is reported from Mancayan as a vein mineral by A. 
J. Eveland. 
Sasonite-—SiO,. 

This mineral is a velvet-black variety of flint known as "touch 
stone" or lydian stone. It could be used for testing the purity of 


gold. One sample, No. 176, is in the collection of the Ateneo de 
Manila. . 


Beryl (emerald) —Be,A], (8i0,) ,- 


Small and imperfect specimens are reported from Mindanao, 
but nothing definite is known regarding the locality. 


Biotite— (H, K), (Mg, Fe),ALSi,O,.. 
Biotite occurs in various igneous rocks in the Philippines in 


small crystals, principally in Paracale granite. No economic 
deposits are known here. 


Bituminous coal—Complex composition, principally oxygenated 
hydrocarbons. 

Bituminous coal is found in seams from a few centimeters to 
several meters thick in Cebu and Mindanao. Formerly there was 
a moderate production in Cebu. There is none in Mindanao. 
One specimen from Dumanquilas Bay, Mindanao, shows columnar 
structure. 


Bornite—Cu,FeS,. 

Bornite occurs massive to finely crystalline in quartz veins. 
It is probably secondary in origin. This mineral is found in 
several of the copper deposits in the Islands. An excellent sam- 
ple comes from Quien Sabe claim, Suyoc, Mountain Province. 
There is development work in the Philippines but no production. 
Caleite—CaCO,. 


Calcite is generally massive without crystalline faces, but 
some splendidly crystallized samples of “dog tooth” spar have 
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been found. It is frequently associated with primary and sec- 
ondary manganese minerals, and is also frequently associated 
with quartz in ore veins, there being a progression from quartz 
to quartz-caleite, probably the result of lowering of temperature 
and pressure. Calcite occurs also as a secondary mineral in ig- 
neous rocks; also, as stalactites, stalagmites, and travertine. 
Marble is found in Romblon and crystallized limestone at Mon- 
talban. The mineral is used to manufacture quicklime for sugar 
refining. Marble is used for monuments and building purposes. 


Chalcedony—SiO,--H,O. 


Chalcedony occurs in irregular milky'white patches in jaspers 
and other rocks in various parts of the Islands. 


Chaleocite-—Cu,S. 

Chalcocite is a massive gray mineral usually secondary in the 
upper zones. It is found in Misamis, Mindanao, and Mountain 
Province, Luzon. There is no production in the Philippines. 
Chalcopyrite--CuFeS,. 

Chalcopyrite is the most universally distributed ore of copper. 
It is found as small crystals in a large number of quartz veins, 
and is associated mainly with galena and usually crystallizes after 
galena. It is found in small quantities in all of the mining 
districts. No commercial deposits are known in the Philippines. 


Chert—SiO,. 

Chert occurs as nodules in various formations in many parts 
of the Archipelago, also as radiolarian cherts, probably of Juras- 
sic age. It is well developed in Palawan, Panay, Ilocos Norte, 
and Balabac, and is probably equivalent to the radiolarian “horn- 
fels” of central Borneo. It has no economic use. 
Chlorite——H,Mg,ALSi,O,.. 

Chlorite occurs as fine, green fibrous masses as an alteration 
product in many igneous rocks. It has no economic use. 
Chromite—FeOCr,O,. ' 

Chromite occurs associated with serpentine in heavy granular 
masses with mottled black and green appearance in Antique Prov- 
ince, Panay. There is some prospecting but no production. 
Chrysoprase—SiO, (colored by nickel oxide). 

Chrysoprase occurs as beautiful leek-green pebbles in a river 
near Butuan, Mindanao. One specimen, No. 180, is in the eol- 
lection of the Ateneo de Manila. This mineral could be used 
as a gem. ' 
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Chrysotile-—H, (Mg, Fe),Si,O,. 

Chrysotile occurs as white to greenish silky fibers. Some in- 
ferior specimens have been found in Ilocos Norte. Short cross 
fibers of from 2 to 3 centimeters in length have been found. 
There is no production, but indications are promising. 
Cinnabar—HgS. j ; 

Minute red crystals of cinnabar were found in a few samples 
from Batwaan Creek, Benguet, Luzon.  Cinnabar remains in 
the pan with the gold. It is reported from Mount Isarog, Am- 
bos Camarines. This mineral forms under surface conditions, 
and is connected with volcanic activity. It is not mined in the 
Philippines. . : 
Copper—Cu (metallic). 

Native copper occurs as irregular, partly crystalline masses 
and as round shot in alluvium; there are 3 type occurrences: (1) 
Amygdoloids in extrusives, in Masbate; (2) in alluvials of Mala- 
guit River, Ambos Camarines; (3) reported in some quartz veins 
in Masbate. Native copper was probably used formerly by 
Igorots to make pots. It is not used at present. 


Corundum-—A1,0,, 

Corundum occurs as pebbles in placers in Nueva Ecija, Luzon. 
Crocoite—PbCrO,. ud 

Crocoite occurs in characteristic small orange-red monoclinic 
erystals in Labo, Paracale district, Ambos Camarines, Luzon. 
It is associated with galena-bearing rocks, and is not abundant. 
Cuprite—Cu,0. ` 

Cuprite occurs as small clear red crystals in the surface ore of 
a copper deposit in Antique Province, Panay. 

Diallage—A nonaluminous. pyroxene. 

Diallage is a common constituent of gabbros in the Philip- 
pines. It has no economic value, 
Enargite--Cu,As$8,. 

Enargite is probably secondary in copper deposits. It occurs 
massive and in small gray crystals with luzonite in the old Santa - 
Barbara mine at Mancayan, Lepanto, Luzon. It is mined and 
smelted by Igorots. Formerly there was a considerable produc- 
tion by a Spanish company; at present it is not important. 
Epidote—HCa, (Al, Fe) ,Si,O,,. 

Epidote is very rare. It occurs as yellowish grains or in more 
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or less amorphous masses in a few igneous rocks. It has no 
economic value. 


Galena—PbS. 


Galena is found in veins only. It is lacking in the walls. 
Galena was formed generally later than pyrite. As a rule, it is 
crystallized. It is associated with zine and pyrite in quartz 
veins, rarely in calcite veins. It frequently carries silver, but 
rarely gold. It is nearly always primary. Galena is resistant 
to décomposition. This mineral is found in veins in Suyoe, 
Mountain Province; in Batangas; Cebu; Marinduque; Paracale; 
and Surigao. During the Spanish régime galena was mined to a 
limited extent in Cebu, but is not mined at the present time. 


Garnet —Complex silicates with Fe, Mg, Mn, and Ca as inter- 
changeable bases. 


The common species, andratite, occurs rarely in the Philippines 
as minute wine-red granules in a rock from Bulacan, Luzon. It 
has no economic value. 


Gilsonite—Complex hydrocarbon. 


Gilsonite is found in the northern part of Leyte Province 
adjacent to petroleum seeps in Miocene shale and sandstone. 
There is no production in the Philippines, but the Leyte deposit 
is being explored. 


Gold—Au (metallie). 


Gold occurs associated with pyrite and rarely with galena. It 
usually occurs as metallic gold in quartz and in calcite veins as 
wires, plates, grains, and crystals; abundantly distributed in 
placer as perfect crystals, wires, and rounded grains; and is 
occasionally found as nuggets weighing from 10 to 30 grams. 
Traces of gold are found in most rocks carrying pyrite. Gold is 
found in paying quantity in veins in Suyoc and Baguio, Mountain 
Province; Paracale and Mambulao, Ambos Camarines; and Aro- 
roy, Masbate. It is found in paying quantity in placer in Suyoc, 
Mountain Province; Peñaranda district, Nueva Ecija; Umaeri, © 
Tayabas; Paracale, Mambulao, and Malaguit, Ambos Camarines; 
Cansuran, Surigao; Hibong River, and other localities along the 
Agusan River, Mindanao: in Misamis Province; and in Mindoro. 


Graphite—C. 


Graphite is reported as oceurring in “graphite clay” in 
Bulacan, 
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Guano—P,O, with impurities. 

Guano occurs as a coarse brownish earth in limestone caves 
in many parts of the Archipelago, principally along sea coasts. 
A small amount is collected, which is sold to Japanese exporters. 
Gypsum—-CaSO,. . 

Gypsum occurs generally in small tubular erystals as incrusta- 
tions on voleanic rocks near solfataras; also, in finely granular 
form in the Loboo Mountains, Batangas, Luzon. There is no 
produetion, and the quantity is apparently limited. 
Hematite—Fe,0,. à 

Hematite is found in irregular "pockets" with magnetite, 
pyrite, chalcopyrite, and quartz in erystalline rocks of the East- 
ern Cordillera of Luzon; also, in veins cutting limestone. It 
oceurs from Mambulao Bay, Ambos Camarines, to northern 
Bulacan, Luzon. The grade of this ore is excellent. It is 
smelted by Filipinos in crude blast furnaces to make plowshares. 
Hornblende—RSiO,, R being more than one of the elements Ca, 

Mg, Fe, Al, Na, and K. 

Hornblende is abundant in many igneous rocks as black crys- 
tals varying in size from microscopic to 2 or 3 centimeters in 
length. It is of no economic value. 

Hypersthene— (FeMg) SiO. 

Hypersthene occurs in certain varieties of andesite in many 
localities, It is distinguished by its pleochroism (colorless to 
delicate pink) under the microscope, Hypersthene has no eco- 
nomic value. 

. Iddingsite—Exact composition not known. 

Iddingsite occurs as alteration of olivine in rocks from three 
localities, Mount Mariveles, Bataan; Mindoro; and Batanes. The 
mineral is red. It has no economic value. f 
Umenite— (Mg, Fe) TiO, 

Ilmenite is found in black-sand concentrates in many streams 
throughout the Archipelago, usually in small erystals and more 
or less rounded grains. It is not utilized. 

Iridium—Ir (metallic). 
The occurrence of iridium is the same as osmium. 
Tasper—8SiO,. 
Jasper occurs in fissile beds and in irregular masses. It con- 


tains remains of radiolarian tests. The color is brown to deep 
red. 
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Kalinite (alum) —K,50,. AL (SO,) ,--24H,0. ' 
Kalinite occurs in mealy crusts around solfataras at Taal Vol- 
cano and elsewhere; apparently in small quantities. 


Kaolinite—A1,0, .28i0, .2H,0. 

Kaolinite occurs in the Philippines usually as a solfataric 
decomposition product of andesitie rocks; it is rarely pure. In 
the region around Laguna de Bay, Luzon, it is found in irregular 

“pockets.” Kaolinite is used to a moderate extent in making 
pottery and for a local paint, so-called “yeso,” ” which is the 
Spanish equivalent for gypsum. 


Labradorite— (See Plagioclase). 
Leucite—K A1(S10,),. 

Leucite occurs partially altered in certain very limited ex- 
posures of volcanie rock in the Aroroy district, Masbate. "These 
rocks have from 8 to 10 per cent of potash, which might be made 
available for fertilizer. 


` 


Lignite—-Various hydrocarbons. 

Lignite is found in seams from 1 centimeter to 5 centimeters 
thick in many parts-of the Archipelago, It usually crumbles 
into small cleavage cubes and air slacks. Its woody texture is 
seen best in weathered specimens. This mineral has been mined 
in the past, but there are no operations now. 


Limonite.—2F e,0, .3H,O. 

Limonite is associated with hematite and is found near the 
surface; it occurs also in small pisolitie granules. It is dis- 
tributed in small amounts throughout the Archipelago. Some- 
times limonite is used in small quantities for paint. 


Luzonite—Cu,AsS,. 

Luzonite! is apparently a secondary ore of copper, and it is 
a special form of enargite. It forms in vugs and cracks in 
the vein. Luzonite is found in Mancayan, Mountain Province, 
and constitutes a large percentage of the enriched portion of 
the veins. 


Magnesite—-MgCO,. 
Magnesite occurs associated with serpentine in Ilocos Norte 


as å white, earthy mineral, which is efflorescent. No use is made 
of it. 


? Moses, Am. Journ, Sci, (1905), 277. 
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Magnetite—F'e,0,. 

Magnetite is widespread in small particles throughout the 
igneous rocks in the Philippines. It is also associated with the 
hematites of the Eastern Cordillera, Luzon. Fine octahedral 
crystals (No. 319) from San Miguel de Mayumo, Bulacan, Luzon, 
are in the collection of the Ateneo de Manila. 


Magnetized iron ore—Lode stone. Apparently iron oxides. 
This ore is found near Paracale, Camarines, and is also 
reported near Casiguran, Tayabas. No deposits are worked. | 


Malachite— (Cu. OH) ,CO,. 

No large crystalline samples of malachite are on record. This 
mineral is present in most of the copper deposits as a green 
coating. 

Mangenite—MnO (OH). 

Manganite occurs possibly with wad or pyrolusite in mineral 
veins, and often contains high values in gold. It is soft, and is 
derived from other manganese ores. It is found in several veins 
in Baguio and Suyoc, Mountain Province, and in Aroroy, Mas- 
bate. It has no economic value in the manner of its occurrence 
in the Philippines. 


Mareasite—Fe8,. 


' Marcasite is similar to pyrite, but i is whiter. It is apparently 
infrequent. Marcasite has been reported from Mancayan, 
Luzon, 


Margarite—H,CaAl,Si,0,,. 

Margarite is a white mica occurring in certain schistose rocks 
of Ilocos Norte. No use is made of it, nor is there any production, 
Mercury—Hg (metallic). 

Mercury is reported to occur in small crevices and pockets «| 


Mount Isarog, Albay, Luzon. A small phial of it is in the mu- | -~ 
seum of the Ateneo de Manila. : 


Minium—PbO. 

Å large amorphous pink specimen of this mineral is in the 
museum of Santo Tomås University, marked "Filipinas;” no 
other data are given. 

Molybdenite—MoS,. 
Molybdenite is found in characteristic form in steel-blue flakes 


and leaves in quartz veins, Loboo Mountains, Batangas Province, 
Luzon. Only a small amount is found. 
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Muscovite—K,0.341,0,.2H,0. 

Muscovite occurs rarely in igneous rocks. lt occurs more com- 
monly in schists, particularly in a quartz muscovite schist in 
Ambos Camarines. There are no economic deposits of this min- 
eral in the Philippines. 

Niter—KNO,. 

Niter is said to be collected from certain caves on a small 
island near Surigao, Mindanao, and is used by natives for making 
gunpowder. This laboratory has no definite information re- 
garding this substance in the Philippines, and its occurrence 
is to be doubted because of the heavy rainfall here. 

Oligoclase— (See Plagioclase) . i 
Olivine— (Mg, Fe) ,SiO,. 

Olivine occurs in many rocks in the Islands, particularly in 
small greenish yellow. grains in basalt and in so-called picrites 
of Panay. It is of no economic value, 

Opal—8i0,H,0. 

Opal is found in small fragments, and occasionally in large 
pieces of jasper. It oceurs in Ilocos Norte and various other 
loealities, but is not of any commercial value as found in the 
Philippines. One pretty specimen showing "fire" is in the 
museum of Santo Tomås University. 
Orthoclase—K,0.A1,0,.6810,. 

Orthoclase occurs sparingly in some igneous rocks. It is of 
no economic use. 

Osmium—Os (metallic). 

Osmium occurs with gold, iridium, and traces of platinum in 
thin metallic plates in decomposed rock. The locality where the 
mineral is found is said to be Luzon. 

Petroleum—Complex series of hydrocarbons. 

Petroleum occurs as a very light, paraffin-base oil in shales 
in various parts of the Islands, notably in Bondoc Peninsula, 
Tayabas, Luzon, and in Cebu. Two wells, one shallow and one 
deep, have yielded a small amount of oil. 

Philippsite—(K,, Ca) Al,Si,O,,-+-4$H,0. 

Philippsite occurs in characteristic white, radiating or tuffed 
masses in Masbate. No economic use is made of it. 

Piekeringite (magnesia alum) —MgS0O,.Al, (SO,) ,-+22H,0. 

Pickeringite is found in long fibrous masses as efflorescence 
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in the old Santa Barbara copper mine, Mancayan (Lepanto), 
Mountain Province, Luzon; it also occurs on Camaguin Island, 
north of Luzon. 

Plagioclase— (NaAISi,O, to CaALSi,O,). 

This series of closely related minerals is one of the commonest 
of all the constituents of igneous rocks in the Philippines. It 
embraces the following species: Albite, anorthite, andesine, and 
labradorite. It has no known economic value as such. 


Platinum—Pt (metallic). 
Platinum is found in minute flattened grains in placer-te £st 
borings near Peñaranda in Nueva Ecija; on the Mariquina River 
in Rizal Province, Luzon; and in Agusan Valley, Mindanao. 
There is no production in the Philippines. 
Prochlorite—H, (Mg, Fe) ,Al,Si0,. . 
Prochlorite occurs in dirty green leaves which are flexible , 
not elastic. It is found in the metamorphic area of Ilocos Nor: 
Luzon. No use is made of it. i 


Psilomelane—H,MnO,. The manganese is commonly replaced agin 
part by barium or potassium. 

Psilomelane occurs associated with pyrolusite. It is a ve 
impure ore of manganese, often containing only 40 per cent 
manganese (see Pyrolusite). 

Pyrite—FeS,. 

Pyrite occurs both massive and crystalline The miner: h/. . 
appears as disseminated grains and as large crystals. Pyrit x 
is often cupriferous. It is persistent in quartz veins and occa! ` 
sionally in calcite veins. Frequently it is one of the early min- 
erals to crystallize. It is often associated with galena and zinc, 
but generally precedes them. Pyritization of vein walls occurs 
by reaction of the magnetite with H,S gas from the fissure. 
Frequently this mineral is disseminated in volcanic roeks. Spec- 
imens of large secondary (?) erystals are in the Bureau of 
Science collection from Malaguit River, Camarines. Pyrite 
forms under conditions ranging from deep to surface. It is 
the most widely distributed metallic mineral. It is found in 
almost all rocks. This mineral is especially abundant in quartz 
veins, and is frequently associated with gold. There is no com- 
mercial use of pyrite in the Philippines. 


Pyrolusite—MnO, with 2% H,O. 
Pyrolusite is the principal ore of manganese in the Philippines. 
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- It occurs in botryoidal or massive shapes; also, reniform. It is 


found as veinlets in andesite and as nodules from erosion of 
veins and possibly in beds. It is found in Ilocos Norte, Panga- 
sinan, Bulacan, Tarlac, and Masbate. It is not exploited. 


Pyroxene—Ca (Mg, Fe) Si,0,. . 
Pyroxene is a common constituent of pyroxene andesite, one of 


the chief rock types in the Islands, It occurs in small jet-black 
erystals. It has no economic value. 


Quartz-—SiO,. 

Quartz is very persistent under conditions from deep seated 
to'surface. It occurs in fine crystals in vugs under proper con- 
ditions; otherwise, it generally takes the form of jasper, chert, 
or siliceous sinter at the surface. It occurs in veins and as 
silicification of wall rocks. Two workable deposits only are 
known: (1) Siliceous spring deposits, Baguio, and (2) beach 
sand, Looc, Lubang Island. Quartz is used locally for road ma- 
terial and concrete in Baguio and at Looc. 

Eealgar—AsS. . 

Realgar occurs as characteristic red crystals on a yellow coat- 
ing of orpiment on pieces of slag (?) from the old Santa Bar- 
bara furnace at Mancayan, Luzon. As far as we know it does 
not occur in a natural state in the Philippines. Specimens, No. 
59, of realgar are in the museum of the Ateneo de Manila. 
Rhodochrosite—MnCO,. 

Rhodochrosite occurs as a gangue mineral in auriferous cal- 
cite veins of Benguet. It is a primary mineral; it was probably 
leached from wall rocks by the ascending solutions and was later 
deposited with the calcite. Rhodochrosite is of no economic use. 
Rutile—TiO,. 

Microscopic crystals occur in some of the metamorphic rocks 
from llocos Norte associated with actinolite, muscovite, etc. 
Rutile has no economic value. 

Salt—NaCl. 

Salt is deposited as incrustation from brackish carbonated 
Springs in Mountain Province, Luzon, notably at Asin. It is 
used by the Igorots. ` 
Sanidine—(K, Na) AlSi,O,. 

Sanidine occurs in small crystals and grains. This “glassy 
feldspar” is a dominant constituent of the andesites of many 
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peaks in Zambales Mountains and of Mount Apo, Mindanao. It 
is of no economic value. 
Sardonyx—Si0.. 

A specimen of this, No. 174, from Baganga, Mindanao, is in 
the collection of the Ateneo de Manila. 
Sericite—3Al,0,.6Si0,.2H,0. 

Sericite is one of the micas occurring in the schists of Ilocos 


* Norte and Zamboanga Peninsula, Mindanao. It occurs in small 


gray-blue silky flakes. It is of no economic use. 


Serpentine—H, (Mg, Fe),Si,0,. : 

Serpentine, associated with pyroxenites and peridotites in 
more or less structureless masses, is found in Ilocos Norte 
and other localities. It is a greenish mineral. It occurs usu- 
ally as asbestiform minerals. There is no production in the 
Philippines. 


Silvanite— (AuAg) Te... 


Silvanite occurs intimately mixed with the lead telluride al- 
taite in quartz and calcite stringers in a contact between a slaty 


. formation and a feldspar-porphyry dike. 


Silver—Ag (metallic). 2 

Silver occurs in the Philippines only in natural alloys with 
gold, and associated with the mineral galena. The gold from 
both placers and lodes in the Philippines carries silver varying 
in quantity up to 30 per cent. Silver-bearing galena is found 
at Panopoy, Cebu, and near Paracale, Camarines. 
Sphalerite—ZnS. 

Sphalerite occurs massive or as small crystals, always asso- 
ciated with lead and pyrite. Like the other sulphides, it favors 
the quartz veins; it forms under conditions of moderate depth. 
It is found in practically all localities where galena is found 
(see Galena). Sphalerite is not found in economically valuable 
quantities in the Philippines, although widely found in many 
veins. It is not utilized. 


Stibnite—Sb,S,. 
Stibnite occurs in characteristic fibrous masses. There is 


only one specimen in the Bureau of Science collection from Ba- 
tangas Province, Luzon. 
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Sulphur—S. 

Sulphur occurs more or less pure in characteristic yellow crys- 
tals around solfataras and also in a very impure state mixed with 
volcanic ash on Camiguin Island north of Luzon; on Taal Vol- 
cano and in Sorsogon, Luzon; on Mount Apo, Mindanao; and 
on Biliran Island. No sulphur is mined at present, but some 
mining was carried on formerly on Biliran. 


Tale—3Mg0.48i0,.H,0. 


There are small amounts of tale associated with mica and 
actinolite in the metamorphic region of Ilocos Norte, Luzon. 
No local use is made of this mineral. 


Tetrahedrite—ACu,S.Sb,S.. 


Tetrahedrite occurs as flint-gray to tin-black crystals. It is 
found at the old Santa Barbara mine, Mancayan, Lepanto, Luzon. 


Titanite—CaTiSiO, or CaO.TiO,.SiO,. 

Titanite occurs as characteristic wedge-shaped crystals asso- 
ciated with the iron-ore deposits of Bulacan. 
"Topaz-- (AIF) ,SiO, or (AI(F, OH) ,) SiO, 

Topaz occurs in small (2-4 millimeters) pink, yellow, and 
colorless orthorhombic crystals. It is found in placers of. Para- 
cale River, Ambos Camarines. ] 
Tremolite—CaMg, (SiO;) ,. 


Tremolite occurs in long white to greenish fibers associated 
with serpentine and asbestos in Ilocos Norte. It could be used 
commercially. 


Uralite--Composition same as pyroxene save for slight change 
in magnesium and calcium content. 

Uralite is a green alteration product of pyroxene, and is found 
in certain igneous rocks called metadiorites, which are altered 
gabbros. j ' 

Vermiculite--Hydrated mica. 

Vermiculite is an earthy mica found in the metamorphic area 
of Ilocos Norte. It has no economic value. 
Wad—An earthy mixture of manganese oxides. 


Wad is found in association with psilomelane and pyrolusite. 
It is of no economic importance now. 


7 


\ 
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Wernerite—Intermediate between Ca,Al,Si,O,, and Na, ALSi,0,,C1. 

Wernerite is a white fibrous silicate, and occurs in veinlets in 
greenstone in Aroroy district, Masbate. No economic use is 
made of it. 


Wolframite— (FeMn) WO,. 


Wolframite is a heavy, black, crystalline mineral. Specimens 
are said to have been found in Antique Province, Panay. There 
js no economic development. 


Zeolite—Composition is uncertain. RAI,Si,,0,,. 
Zeolite occurs as a fibrous secondary product in the decomposi- 
tion of certain rock minerals, principally feldspars, and in amyg- 


doloidal cavities throughout the Islands. This mineral has no 
known use. 


REVIEWS 


A Laboratory Guide | to the Study of | Qualitative Analysis | based upon 
the | application of the theory of | electrolytic dissociation | and 
the law of mass action | by | E. H. S. Bailey, Ph.D. | professor of 
chemistry | and | Hamilton P. Cady, Ph.D. | associate professor of 
chemistry in the University of Kansas | seventh edition | Phila- 
delphia | P. Blakiston’s Son & Co. | 1012 Walnut Street | 1914 | 
Cloth, pp. i-x+1-280. Price, $1.25 net. 

The seventh edition of Professors Bailey and Cady's book is 
essentially the same as the sixth edition except that the alter- 
native method for the treatment of the cations of groups IIT 
and IV which was an appendix in the sixth edition is in the 
present one incorporated in the body of the text. 

The book contains a brief and accurate discussion of electrolytic 
dissociation and the mass law as applied to qualitative analysis; 
-experiments and tables for the separation of cations and anions 
into groups and their identification; while such subjects as, 
hydrolysis, rules for oxidation and reduction, etc., are treated 
in their proper places in the book thereby making it easy for 
the student to comprehend their practical application. A table 
of solubilities closes the text. It is an excellent work for stu- 
dents of qualitative ana’, ss in scientific schools of the Philip- 
pine Islands. 

T. Dar JUAN. 


The Source, Chemistry | and | Use of Food Products | by | E. H. S. Bailey, 
Ph.D. | professor of chemistry and director, Chemical Laboratories, | 
University of Kansas | author of “A system of quantitative analysis”; 
“Sanitary and | applied chemistry,” etc. | with 75 illustrations | 
Philadelphia | P. Blakiston’s Son & Co. | 1012 Walnut Street | No 
date, copyright, 1914. Price $1.60 net. 

The Source, Chemistry and Use of Food Products by E. H. 8. 
Bailey of the University of Kansas is a book well adapted as a 
supplementary text.in a high school or college course in agri- 
culture or a course in dietetics. 

It is a simple, readable, elementary text on the source and 
use of food products, containing numerous tables of the nu- 
tritive value of the foods described. It does not contain enough 
data on the chemistry of foods to be a complete text in this 
subject for college students; however, when supplemented by 
lectures it would be very valuable as reference reading. 

Mm : ~ 97 
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The headings and subheadings are somewhat confusing be- 
cause of their arrangement and frequency and we believe the 
appearance of the book would have been benefited by the adop- 
tion of a different system and by making fewer subheads. The 
data on any one particular food are also rather scattered and 
a closer correlation of this information would have resulted in 
an improved text. Many source references are given, which is 
a commendable feature, and while the references are limited in 
scope, they are the ones that are most apt to be available to 
the ordinary high school and college. 

On the whole, the book is written in an interesting fashion, 
can be easily read by a person without a knowledge of chemistry, 
and, while it offers no new information on the subject of foods, 
is valuable because of its availability to the nontechnical person. 

: H. C. B. 


PUBLICATIONS FOR SALE BY THE BUREAU OF SCIENCE, 
MANILA, PHILIPPINE ISLANDS—Continued 


BOTANY 
A FLORA OF MANILA 
By Eure D. Meer 


Order No. 419. Paper, 490 pages, $2.50, 


postoaid. 


nily a complete flora of the cul 
in the Phiiipoines, . Doscrip- 
of aver 1,000 species, 590 
mliies, with native names, 
icul terms, eto, 


THE COCONZT PALM IN THE PHIL 
. IPPINZ ISLANDS 
, Order No. 37. Paver, 149 pages, 20 plates, 
EL, bo 


reprint contains the following artie 
e Waler Relations of the Coconut 
, The Coconut and its 
S Oif, The Keeping Quali- 
lies of Coconut Gil and the Causes of its 
Rancidity, and The Principal inseots Attack- 
ing the Coconut Palm, 


cles 
Pala (Co 
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INDO-MALAYAN WOODS 
By Fup W. FOXWORTHY 
Ordor No, AIL Faper, 182 pages, 9 


plates, $0.59, postpaid. 
lado-Mislayan Woods, Doctor Fox 

t together & largs amount 
f mformation concerning trees 
yielding wocds of economic value. . 


ZOOLOGY 


å LIST OF MAMMALS OF THE 
PHILIPPINE ISLANDS, EXOLU- 
EXVE OF TRE CETACEA 


Py Neo HOLLISTER 


Order No. 413. 
postpaid. 


This is tha only recent attempt to enu- 
morzie the mammals of the Philippine 
Islands, The distribution of cach species 
N given, and the original descriptions- are 
sited, 


Paper, 64 pages, $0.50, | 


ZOOLOGY—Continued 
A MANUAL OF PHILIPPINE BIRDS 
By RICHARD C, MCGREGOR 


Order No. 103. Paper, 2. parts, . 769 
pages, $4, postpaid, ' 


A Manual. of Philippine Birds contains 
in compact form descriptions of all the 
known spesies of Philippine birds. The 
usual keys and diagnoses ef orders, families, 
and genera help tha novice in Identification. 


Å CHECK-LIST OY PHILIPPINE 

FISHES 

By DAVID STARE JORDAN and Rosrat BARL- 
RICHARDSUN 

Order No. 102. Paper, 78 pages, $0.75, 

postpaid. 


This fist will be found a convenient guide 
to the synonymy of Philippine izhthvology. 
The nomenclature is thoroughly revised, and 
the distribution of each spepies within the 
Philippine Islands is given. 


MEDICINE 


REPORT OF THE INTERNATIONAL 
PLAGUE CONFERENCE 


Held st Mukden, April. 1911, under. the 
auspices of the Chinese Government, 


Edited by Exca Mant, G. F. PETREE, 
ARTHUR STANLEY, and RICHARD P. — 
STRONG 


483 pages, 18 plates (2 colored, 4 half 
tones, L2 charts and maps) 


Order No. . 416. Paper, $2.50; ‘cloth, 
$3.50; postpaid. * É 


The proceedings of this International Can- 
ference and information gained therefrom, to- 
gether with the results of certain baote~ 
riologioal. investigations, constitute the pres 
ent report. 

The Bureau of Science of the Govern. 
ment of the Philippina Islands has been 
appointed sole agent for the distribution 
of the printed proceedings of. the Interna- 
tlanal Plague Conference, 


PRICES ARE IN UNITED STATES CURRENCY 


Orders for these publications may be sent to the BUSINESS MANAGER, 
PHILIPPINE JOURNAL OF SCIENCE, BUREAU OF SCIENCE, MANILA, P.L, 
or to any of the agents listed below. Please give order number. 


The Macmillan Company, 64-66 Fifth Avenue, New York, U. S. A. 
Wm. Wesley & Son, 28 Essex Street, Strand, London, W, O., England. 
Martinus Nijhoff, Lange Voorhout 9, The Hague, Holland. 

Mayer ds Müller, Prinz Louis Ferdinandstrasse 2, Berlin, N. W., Germany. 
Kelly & Walsh, Lid., 32 Raffles Place, Singapore, Straits Settlements. 
ALM. & J. Ferguson, 19 Baillie Strect, Colombo, Ceylon, , t 


Thacker, Spink & Co., P. O, Box 54, Calcutta, India. 
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